II 

is  ;5;S? 

■■  iilgiis 

SS.-:  ::3:5 

I  ' 

m 

|| 

P' 

m 

P 

1 

■ 

i  ii 

CL. 

O 

cji 


C.3 


I2l' 


TECHNICAL  REPORT:  NAVTRAEQUIPCE’l  IH-338 


HELMET  MOUNTED  DISPLAY  FEASIBILITY  MODEL 


John  H.  Allen  and  Richard  C.  Hebb 
Advanced  Simulation  Concepts  Laboratory 
Naval  Training  Equipment  Center 
Orlando,  Florida  32313 


FINAL  REPORT  February  1983 


DoD  Distribution  Statement 


Approved  for  Public  Release 
Distribution  Unlimited 


Reproduced  From 
Best  Available  Copy 


f0/mi  lUui'  i'i-’® 

.  jF!l  I;) /A 


}t 


;  ^  1  V 

f  .\i  i 


8  8  05  1'? 

QjX)Oo80Aon 


’  i  J 


4 


TECHNICAL  REPORT:  NAVTRAEQUIPCEN  IH.338 


HELMET  MOUNTED  DISPLAY  FEASIBILITY  MODEL 


John  H.  Allen  and  Richard  C.  Hebb 
Advanced  Simulation  Concepts  Laboratoi*y 
Naval  Training  Equipment  Center 
Orlando.  Florida  32813 


FINAL  REPORT  September  1981  to  February  1983 


Reproduction  of  this  publication  in 
whole  or  in  part  is  permitted  for  any 
purpose  of  the  United  States  Government 


Approved: 


David  P.  Glenn 
Director  of  Resetrch 


A.  M.  Spooner 

Head,  Advanced  Simulation  Concepts  Laboratory 


•« '  .. 


UNCLASSIFIED 


»KCUWITV  CLA»StyiCATlOH  QF  TWH  fWi—  Poa  Enlrntt^) _ 

REPORT  documentation  PAGE  BEFOKfcOM?LE?iNG^FORM 

T.  NEPOMT  MUMtCn  |2.  OOVT  ACCESSION  NO.  *•  HECIUtKT-S  CAT ALOO  NUMBtR 

NAVTRAEQUIPCEM  IH-338  At) ^  A J  1  {-  / 


NEPOMT  MUMBEK 


1 4.  TtTuC  Mtitim) 


Helmet  Mounted  Display  Feasibility  Model 


T.  AUTMOBf*> 

John  H.  Allen  and  Richard  C.  Hebb 


S.  TVBE  or  BEBOBT  4  ^EBIOO  COVEBEO 

Final  Report 

Sept  fil  to  Feb  R3 _ 

4.  *EBroBMiNO  one.  bepobt  numbeb 

NAVTRAEQIJIPCEN  IH-338 

CONTNACT  on  QBAHT  NUMBEIV«J 


t  PEnroRMiNa  oboanization  name  amo  aoomeu 

Advanced  Simulation  Concepts  Laboratory 
Naval  Training  Equipment  Center 
Orlando.  FL  32813 _ _ _ _ 

M.  coNTBocciNO  orriCE  name  ano  aoobess 

Naval  Training  Equipment  Center 
Orlando.  FL  32813 

MONITOMINO  AOENCY  name  4  AOOBESVW  (m  CaMn 


ilO.  BBOOBAM  element.  PBOJECT.  TASK 
ABEA  4  WOBK  UNIT  NUMBEBS 

Program  Element  62757N 

NAVTRAEOUIPCEN 

TASK  8732 _ _ 

tZ.  BEBOBT  DATE 

FEBRUARY  1983 _ 

II.  HUMBEB  or  BASES 


t  C«AmlJifi«  Ua  $gCUWtTY  CUAtS.  (mi  thf  rmpcH) 

UNCLASSIFIED 

iia.  OCCU/^Sl>lCirflON/l>^NCIIAOTNG 
scmcoule 


14.  OISTRiauTlON  STATEMCNT  <•/  mi*  Kmpmi) 

Approved  for  Public  Release 
Distribution  Unlimited 


I  IT.  OISTRlgUTION  STATEMENT  (mi  tflA  tfAMCracf  mi99m4  In  Btmmk  iO,  It  frMi  Kmt^•ft) 


10.  SU^PLCMCNTAMY  NOTES 


I  If.  KEY  WORDS  (Cmmfimim  mn  rmrmmmm  mTkm  U  nmmmmmmrt  am!  tkmmtify  kf  bimek  mmtkmf) 


Visual  Display 
Helmet  Mounted  Display 
Laser  Video  Projector 
Area  of  Interest  Display 
Instantaneous  Field  of  View 


Computer  Image  Generated  Display 
CIG 

Head  Tracker 
Eye  Tracker 


so.  AESTMACT  (Cmntimtm  mn  rmmmrmm  II  kf  kimmk  mmkm} 

^A  feasibility  model  of  an  advanced  visual  display  systetr.  for  flight  sim¬ 
ulation  is  described.  The  feasibility  model  is  comprised  of  a  video  projector 
mounted  on  a  pilot's  helmet  which  projects  a  computer  generated  image  onto  a 
spherical  screen.  The  video  projector  utilizes  a  laser  light  source  in 
forming  the  projected  video  raster.  The  display  is  slaved  to  the  viewer's 
head  pointing  direction  via  a  magnetic  head  tracking  device,  and  results  in 
imagery  that  is  generated  and  displayed  for  the  instantaneous  viewing 


rOBM 

I  JAM  n  in/  a 


COITION  OB  I  NOV  SI  It  OStOLCTC 
$/N  010}- Lf.0U. 6601 


UNCLASSIFIED _ 

■ceuRrr7cLAunMc7TioiroBl>ii?7AoFrBi>«ro<M7SMtm<<)^ 


$/N  0102-  OU-idOl 


UNCLASSIFIED 


NAVTRAEQUIPCEN  IH-338 


TABLE  OF  CONTENTS 

Section  Page 


I  CONSIDERATIONS  FOR  A  VISUAL  SIMULATION  .  1 

II  THE  HEIHET  MOUNTED  DISPLAY  FEASIBILITY  MODEL, 

SYSTEM  OVERVIEW.  .....  .  5 

III  FEASIBILITY  MODEL  SYSTEM  DESCRIPTION  .  .  .  8 

IMAGE  GENERATOR  . . 8 

LASER  VIDEO  PROJECTOR . .  .  10 

HEAO  TRACKER.  . .  14 

IMAGE  LAG  COMPENSATOR  . .  19 

IV  OBSERVATIONS  AND  CONCLUSIONS . 24 

APPENDICES . 27 

A.  RHMC,  software . 27 

B.  RHMC,  HARDWARE . 63 

DISTRIBUTION  LIST . 73 


LIST  OF  ILLUSTRATIONS 

Figure  Page 


1  Artist's  Concept  of  an  Area  of  Interest, 

Instantaneous  Field  of  View  Dome  Display  .  3 

2  Helmet  Mounted  Display  Feasibility  Model  .  5 

3  Processing  Sequence  for  a  CIG  Display . 10 

4  Block  Diagram  of  Laser  Video  Projector  . 11 

5  Displayed  TV  Raster  as  Viewed  from  Cockpit  .  13 

6  Basic  SHMS  III-A  Processing . 15 

7  RHMC  Timing  Diagram .  21 

8  Effects  of  Lag  Compensation .  22 

9  Grid  Pattern  Displayed  by  Helmet  Mounted  Projector  .  25 

A1  NTHPREV  Reserved  RAM,  Inputs  and  Tables .  28 

B1  Block  Diagram  of  RHMC  and  Interface  Hardware  .  64 


NAVTRAEQUIPCEN  IH-338 


SECTION  I 

CONSIDERATIONS  FOR  A  VISUAL  SIMULATION 


In  general,  the  need  for  improved  high  resolution,  wide  field  of  view 
displays  in  visual  simulation  systems  exists  because  of  the  increasing  neces¬ 
sity  for  training  combat  missions  in  flight  simulators.  Total  duplication  of 
the  rich  visual  environment  present  everywhere  outside  the  cockpit  during 
actual  nap  of  the  earth  missions  or  any  other  low  level  mission,  though,  is 
not  possible  using  current  visual  simulation  technology.  Nor,  in  all  proba¬ 
bility,  will  it  ever  be.  Due  to  technological  and  physical  restrictions  a 
visual  display  is  only  a  representation  or  simulation  of  the  actual  visual 
environment.  The  choice  of  what  should  be  simulated  and  how  it  should  be  done 
is  not  easy  due  to  the  number,  nature  and  variety  of  visual  cues  available  to 
and  used  by  a  veteran  pilot  during  the  performance  of  an  actual  mission. 
Until  our  understanding  of  the  human  visual  system  and  its  interactions  with 
the  real  world  are  more  complete,  visual  simulation  systems  will  be  designed 
to  provide  as  much  realism  and  fidelity  as  is  possible  with  available  funding 
and  technology.  Under  these  conditions,  it  seems  reasonable  to  conclude  that 
a  display  which  provides  eye  limited  resolution  and  high  detail  over  the 
entire  available  field  of  view  will  supply  the  essential  elements  of  a  fully 
adequate  visual  simulation  system.l 

Typically,  a  high  resolution,  wide  field  of  view  display  is  created  by 
butting  together  several  computer  generated  video  displays.  Each  display  is 
separately  created  by  a  single  image  generator  channel  feeding  video  to  either 
a  video  projector  or  to  a  conventional  CRT  monitor.  The  displayed  video  image 
is  derived  from  a  digital  representation  of  a  mathematically  modeled  landscape 
or  gaming  area  depicting  the  training  scene.  This  digital  portrayal  is  more 
simply  known  as  a  data  base.  Depending  upon  the  particular  training  require¬ 
ments,  the  data  base  may  be  modeled  from  existing  terrain  information  from 
some  known  location  or,  it  can  be  entirely  ficticious.  In  the  usual  case, 
then,  a  wide  field  of  view  visual  simulation  system  consists  of  a  number  of 
video  displays  and  their  associated  computer  image  generator  channels,  each 
channel  obtaining  visual  information  from  a  common  data  base.  For  a  given 
area  of  visual  display,  or  equivalently,  field  of  view,  increasing  the  number 
of  the  video  displays  and  image  generator  channels  improves  the  resolution  of 
the  whole  display  and  increases  the  quantity  of  detail  available  to  the 
viewer.  Unfortunately,  the  visual  simulation  is  improved  at  the  expense  of 
doing  so  with  a  more  costly,  complicated  visual  simulator  system. 

Another  method  of  providing  a  wide  field  of  view  display  with  high  resol¬ 
ution  and  detail  utilizes  a  movable  high  resolution  inset  display.  Two  prin- 


1.  Statler,  Irving  C.  Characteristics  of  Flight  Simulator  Visual  Systems, 
NASA,  Washington,  DC  20546  and  U.$.  Army  Aviation  Research  and  Develop- 
ment  Command,  St.  Louis,  MO  93166.  NASA  Tm.-81  278,  or  AVRAD  COM  Tech¬ 
nical  Report  81-A-8,  April  1981,  pp.  1,  2,  56,  57. 


1 


NAVTRAEQUIPCEN  IH-338 


cipal  types  are  target  tracked  (moved  to  follow  some  displayed  target)  and 
head/eye  tracked  (moved  to  follow  the  observer's  head  and  eye  position). 

A  target  tracked  display  is  l•«iually  projected  upon  or  inset  into  a  back¬ 
ground  low  resolution,  wide  field  of  view  display.  In  this  way,  imagery  for 
the  entire  visual  simulation  can  be  furnished  by  a  two-channel  image  genera¬ 
tor,  one  channel  driving  the  movable  high  resolution  display,  the  other  sourc¬ 
ing  the  low  resolution  background  display.  The  position  of  the  target  tracked 
display  that  is  within  the  background  display  is  a  function  of  target  loca¬ 
tion.  In  other  words,  the  display  is  servo  driven  in  some  manner  so  as  to 
place  a  target  image  in  the  proper  position  within  the  background  display. 
Target  imagery  can  consist  of  an  enemy  missile  site  or  even  an  accompanying 
friendly  aircraft.  Its  visual  content  is  entirely  dependent  upon  the  simu¬ 
lated  mission.  The  advantages  of  this  visual  simulation  system  is  that  it 
provides  some  of  the  benefits  of  wide  field  of  view  and  high  resolution  using 
a  limited  number  of  image  generation  channels.  The  primary  disadvantage  to 
such  a  system  is  that  each  additional  high  resolution  object/target  that  is  to 
be  displayed  requires  still  another  target  tracked  high  resolution  display  and 
image  generator.  As  a  result  of  this  constraint,  a  target  tracked  display  may 
be  inefficient  for  certain  kinds  of  training  tasks. 

A  head/eye  tracked  display  is  tracked  or  moved  about  in  direct  response 
to  the  trainee's  head  and  eye  pointing  direction.  The  visual  display  appears 
only  where  the  observer  happens  to  be  looking.  Further,  if  the  display  area 
is  large  enough  to  cover  the  observer's  field  of  view,  a  visual  simulation  can 
appear  to  take  place  throughout  the  available  viewing  volume  of  the  simulator, 
while  in  fact,  the  actual  display  covers  only  the  inmediate  area  available  to 
the  viewer.  If  a  second  smaller  display,  also  head  and  eye  tracked,  is 
inserted  at  the  center  of  the  display  mentioned  above,  high  resolution  imagery 
can  be  made  available  to  the  viewer  along  his  line  of  sight.  Since  the  human 
visual  system  detects  high  resolution  imagery  only  in  the  small  central  foveal 
region  of  the  eye,  proper  design  of  a  two-channel  head/eye  tracked  visual 
display  results  in  the  illusion  that  a  high  resolution,  wide  field  of  view 
visual  simulation  is  omnipresent. 

When  the  NAVAIR  funded  Helmet  Mounted  Display  task  started  in  1978,  its 
primary  goal  was  to  determine  the  feasibility  of  developing  a  fully  opera¬ 
tional  dual  channel,  head/eye  tracked,  pilot  helmet  mounted  display.  Through 
the  efforts  of  an  in-house  team  a  preliminary  prototype  or  feasibility  model 
was  designed  and  built.  Successfully  demonstrated  at  a  preproposal  conference 
in  November  1981,  the  feasibility  model  served  as  a  test  bed  for  many  con¬ 
cepts,  some  of  which  were  included  in  the  specifications  for  the  advanced 
development  model,  the  Visual  Display  Research  Tool,  now  in  the  procurement 
cycle. 2 


2.  For  additional  information  on  the  advanced  development  model,  see 
articles  entitled  "Helmet  Mounted  Laser  Projector"  in  the  Proceedings  of 
the  1981  Image  Generation  Display  Conference  II  (AFHRL)  and  the 
3rd  Interservice/ Industry  Training  Equipment  Conference. 
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The  Visual  Display  Research  Tool,  6.3  funded  by  NAVAIP,  is  targeted  for 
incorporation  into  the  Visual  Technology  Research  Simulator  (VTRS)  in  early 
1985.  This  advanced  visual  simulation  system  contains  only  two  computer 
generated  displays,  yet  it  provides  both  a  wide  angle  field  of  view  and  high 
resolution.  The  high  resolution  inset  display  contains  high  detail  scene 
content  and  is  presented  only  at  the  observer's  point  of  gaze  or,  equiva^ 
lently,  area  of  interest.  The  surrounding  low  resolution  display,  containing 
low  detail  scene  content,  fills  the  remainder  of  the  observer's  field  of 
view.  Visually,  the  composite  display  will  tend  to  match  the  acuity  profile 
of  the  human  eye  by  generating  high  resolution  imagery  only  along  the  foveal 
axis,  and  low  resolution  imagery  in  the  periphery. 

An  artist's  concept  of  the  proposed  system  is  depicted  in  Figure  1.  The 
flight  simulator  cockpit  is  enclosed  by  a  spherical  screen.  Two  displays  are 
projected  onto  the  highly  retro-reflective  interior  surface  of  the  sphere. 
The  scenes  in  both  the  high  resolution  Area  of  Interest  (AOI)  display  and  the 
surrounding  Instantaneous  Field  of  View  (IFOV)  display  are  computer  generated 
according  to  the  pilot's  line  of  sight.  His  line  of  sight,  with  reference  to 
the  ground,  at  any  one  moment  in  time,  is  a  consequence  of  his  cockpit 
referenced  head  and  eye  position,  as  well  as  the  attitude  and  position  of  the 
simulated  aircraft.  Each  display  is  an  interlaced  video  raster  composed  of 
1023  horizontal  scan  lines.  Instead  of  being  projected  by  a  conventional  high 
resolution  video  projector,  though,  they  are  formed  from  video  modulated  laser 
beams  which  are  projected  and  scanned  from  the  pilot's  helmet. 


Figure  1.  Artist's  Concept  of  an  Area  of  Interest, 
Instantaneous  Field  of  View  Dome  Display. 
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A  computer  image  generator  channel  generates  a  blue,  a  green  and  a  red 
video  signal  to  form  the  full  color  visual  scene  within  each  display.  Six 
video  signals  are  required  for  the  two  displays,  two  of  each  color.  Each  of 
the  video  signals  drives  an  acousto  optic  modulator.  The  six  acousto  optic 
modulators,  in  turn,  modulate  the  intensity  of  two  blue  and  two  green  laser 
beams  from  a  remotely  located  argon  laser,  and  two  red  laser  beams  from  a 
companion  dye  laser.  The  three  modulated,  red,  green,  and  blue  laser  beams 
that  form  each  of  the  two  displays  are  optically  combined  so  as  to  create  a 
single  composite  full  color,  beam  for  each  display.  Each  of  the  two  composite 
beams  are  then  arranged  so  as  to  strike  the  facets  of  a  rotating  high  speed 
scanner  mirror.  Here  the  composite  beams  for  each  display  are  horizontally 
line  scanned.  After  being  formed,  the  line  scans  for  each  display  are  then 
suitably  focused  onto  the  polished  ends  of  two  coherent  flat  fiber  optic 
ribbon  cables  for  subsequent  relay  to  the  helmet  mounted  projector. 

The  far  end  of  each  flat  fiber  optic  ribbon  is  attached  to  the  pilot's 
helmet.  There,  the  two  separate,  full  color  line  scans  emerge  and  are  verti¬ 
cally  frame  scanned  by  oscillating  scanner  mirrors  as  they  are  projected  onto 
the  interior  surface  of  the  spherical  screen. 

The  display  that  the  pilot/trainee's  attention  will  be  most  focused  upon, 
the  Area  of  Interest  (AOI),  will  occupy  a  viewing  area  of  approximately  25 
degrees  square  and  will  resolve  approximately  3  arc  minutes  per  TV  line  pair. 
Covering  the  surrounding  display  area,  the  Instantaneous  Field  of  View  (IFOV) 
fills  a  125-degree  horizontal  by  110-degree  vertical  viewing  volume.  The 
resolution  of  the  larger  display  changes  across  the  field,  but  the  average  is 
approximately  15  arc  minutes  per  line  pair.  In  order  to  smooth  the  abrupt 
transition  from  one  display  into  the  other^  the  two  displays  are  blended  with 
each  other  in  a  5-degree  blend  region  within  the  border  of  the  Area  of  Inter¬ 
est  (AOI)  display.  Blending  of  the  displays  is  accomplished  by  gradually 
reducing  or  increasing  the  brightness  of  the  AOI  within  the  blend  region,  and 
simultaneously  increasing  or  reducing  the  brightness  of  the  IFOV.  In  this 
way,  equal  luminance  is  obtained  throughout  the  blend  region  as  one  display 
gradually  fades  into  another.  Further,  the  blending  should  reduce  or  elimi¬ 
nate  any  visual  artifacts  caused  by  low  detail,  low  resolution  data  base 
models  changing  into  high  detail,  high  resolution  data  base  models  when  the 
transition  is  made  between  the  IFOV  and  AOI. 

The  pilot's  head  and  eye  positions  are  determined  by  lightweight  helmet 
mounted  head  and  eye  trackers.  A  fixed  emitter,  helmet  mounted  sensor  system 
determines  azimuth,  pitch  and  roll  of  the  pilot's  head  with  respect  to  the 
simulator  cockpit.  An  invisible,  infrared  light  source  illuminates  the  pilot 
eye.  His  vertical  and  horizontal  eye  position  is  determined  by  imaging  the 
reflected  infrared  light  from  his  eyeball  onto  the  face  of  a  helmet  mounted, 
infrared  sensitive  detector.  The  digital  outputs  from  both  trackers  are 
vectorial ly  combined  in  order  to  form  th»  cockpit  referenced  pilot  viewing 
direction.  This  viewing  direction  is  combined  with  the  instantaneous  attitude 
and  position  of  the  simulator  aircraft  within  the  data  base  to  arrive  at  a 
data  base  (ground)  referenced  pilot  line  of  sight  for  which  the  image  gener¬ 
ator  creates  a  visual  display. 
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SECTION  II 

THE  HELMET  MOUNTED  DISPLAY  FEASIBILITY  MODEL,  SYSTEM  OVERVIEW 


In  order  to  investigate  the  technological  areas  of  risk,  and,  to  a  some¬ 
what  lesser  extent,  determine  the  psychophysical  requirements  for  the  proposed 
Visual  Display  Research  Tool  (VORT),  a  small  helmet  mounted  display  feasi¬ 
bility  model  was  designed  and  built  in-house. 

The  feasibility  model,  known  in-house  as  the  Helmet  Mounted  Display  or 
HMD,  was  not  as  elaborate  as  the  previously  described  VORT.  Instead  of  two 
full  color  head  and  eye  tracked  displays,  the  HMD  produced  only  a  single  mono¬ 
chromatic  head  tracked  display.  Like  the  proposed  VORT,  the  HMD  was  a  laser 
scanned,  helmet  mounted  visual  display  system. 

An  artist's  sketch  of  the  completed  feasibility  model  is  shown  in  Figure 
2.  A  six-watt  water-cooled  argon  laser  provides  a  green  laser  beam  which  is 
intensity  modulated  by  an  acousto  optic  modulator  (AOM).  The  video  informa¬ 
tion  used  to  drive  the  modulator  is  produced  by  one  channel  of  a  dual  channel 
computer  image  generator  (CIG)  which  derives  its  information  from  an  appro¬ 
priate  data  base.  The  video  modulated  laser  beam  is  collected. 


Figure  2.  Helmet  Mounted  Display  Feasibility  Model. 
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collimated  and  shaped  by  a  lens  system  so  that  it  fills  the  aperture  of  an 
acousto  optic  beam  deflector  (AOBO).  Here,  the  horizontal  line  scans  which 
eventually  form  the  displayed  video  raster  are  formed.  The  video  modulated, 
horizontally  scanned  beam  is  again  collected  and  focused  by  another  series  of 
lens  elements  onto  one  polished  end  of  a  coherent  fiber  optic  ribbon  bundle. 
The  opposite  end  of  the  flexible  two  meter  bundle  is  attached  to  the  observ¬ 
er's  helmet.  Emerging  from  the  helmet  end  of  the  fiber  optic  bundle,  the  line 
scan  is  projected  towards  a  helmet  mounted  scanning  qavonometer  mirror, which 
optically  deflects  the  line  scan  onto  the  retro  reflective  interior  of  the 
surrounding  dome  screen.  As  it  moves,  the  scanning  mirror  sweeps  the  fully 
formed  horizontal  laser  line  scans  downward  on  the  screen,  completing  the 
displayed  video  raster. 

Head  pointing  direction  (HPO)  is  provided  by  a  helmet  mounted  sensor, 
cockpit  mounted  emitter  system.  Electromagnetic  fields  radiated  by  the 
emitter  are  coupled  into  the  sensor  and  by  processing  the  signals  obtained 
from  the  sensor,  head  orientation  is  determined. 

uince  flight  dynamics  are  not  included,  and  the  cockpit  controls  are 
inactive,  no  simulation  of  an  actual  aircraft  is  possible;  however,  a  simple 
joystick  allows  the  viewer  wearing  the  helmet  to  cnange  his  relative  coordi¬ 
nates  and  attitude  within  the  visual  data  base.  The  subject,  then,  does  have 
control  over  the  cockpit  location  and  attitude  within  the  simulated  visual 
environment. 

Before  the  image  generator  creates  the  display,  the  line  of  sight  of  the 
cockpit  seated  observer  is  determined.  Both  head  pointing  direction  and  joy¬ 
stick  position  are  sampled  at  a  60  Hertz  rate  and  are  vectorially  combined  by 
the  computer  image  generator  in  order  to  determine  the  instantaneous  line  of 
sight  that  the  display  will  be  created  for. 

Production  of  the  video  imagery  filling  the  viewer's  display  requires  a 
certain  amount  of  processing  time.  The  displayed  video  raster  consists  of  a 
single  video  frame  which  is  composed  of  two  interlaced  video  fields.  A  single 
video  field  requires  approximately  67  milliseconds  of  processing  time,  16.7 
milliseconds  of  which  are  for  scanning  and  display.  The  video  fields  are 
produced  one  after  the  other  at  a  60  Hertz  rate,  but  delayed  by  the  67  milli¬ 
seconds  processing  time.  To  combat  this  induced  image  generator  lag,  a  com¬ 
pensation  system  was  designed  and  fabricated  to  place  the  viewed  display  along 
the  old  line  of  sight  it  was  created  for  rather  than  projecting  it  at  the 
observer's  current  line  of  sight. 

The  viewer  wearing  the  Helmet  Mounted  Display  sees  ^  square  video  display 
which  always  remains  in  a  forward  viewing  position  regardless  of  head  posi¬ 
tion.  The  contents  of  the  display  are  updated  according  to  where  the  viewer 
is  looking  and  what  commands  the  joystick  is  given.  The  appearance  is  much 
like  a  green  tinted  window  that  is  free  to  move  about  in  response  to  head 
movement. 
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This  system  is  not  optimal.  Certain  components  have  been  judged  to  be 
unacceptable  for  the  final  system.  Some  approaches  which  initially  appeared 
feasible  proved  to  be  cumbersome  but  remained  in  the  helmet  mounted  display 
feasibility  model  only  for  the  sake  of  system  continuity.  A  more  critical 
detailed  examination  of  the  system  follows  in  the  next  section. 
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SECTION  III 

FEASIBILITY  MOOEL  SYSTEM  DESCRIPTION 


In  this  section,  the  major  systems  involved,  their  basic  components,  and 

their  inter-relationships  will  be  addressed. 

IMASl  senefatur 

Th‘  completed  feasibility  model  utilizes  a  General  Electric  Compuscene 
Computer  Imaqe  Generator  (CIG)  which  was  made  available  from  NAVTRAEQUIPCEN' s 
Visual  Technoloqy  Research  Simulator  (VTRS)  facility.  The  CIG  provides  a 
real-time  video  imaye  of  a  digitally  stored  environmental  data  base  to  the 

helmt't  mounted  laser  projector. 

The  Helmet  Mounted  Display  Feasibility  Model  relies  upon  the  CIG  to 
create  the  visual  simulation  contained  within  the  display.  The  CIG  provides 
the  visual  imagery  that  is  updated  at  a  60  Hertz  video  field  rate  to  reflect 
Changes  in  the  observer's  head  pointing  direction  (HPD)  within  the  cockpit  as 
well  as  changes  in  the  simulated  cockpit  attitude  and  location  within  the 
environmental  data  base.  In  the  Helmet  Mounted  Display  (HMD),  the  visual 
display  is  not  in  a  fixed  location  with  respect  to  the  simulator  cockpit.  If 
it  were,  the  image  contained  within  the  display  would  be  a  direct  result  of 
the  movement  of  the  joystick  by  the  observer.  Insteau,  the  head  tracked 
visual  scene  is  projected  in  the  direction  the  pilot-observer  happens  to  be 
looking  and  is  updated  according  to  both  head  and  cockpit/ joystick  movement. 

All  of  the  visual  scenery  displayed  by  the  HMD  is  the  end  result  of 
processing  the  information  contained  within  an  environmental  data  base.  In 
general,  environmental  data  bases  are  composed  of  a  number  of  two-  and 
three-dimensional  objects  or  models  depicting,  in  a  mathematical  fashion, 
ground  and  cultural  features.  It  is  sufficient  for  the  purposes  of  this 
report  to  consider  a  model  to  be  composed  of  a  number  of  flat  polygons  called 
faces.  The  perimeter  of  each  polygon  is  composed  of  a  number  of  short  line 
segments  which  are  joined  at  several  points  called  verticies.  A  model  is 
defined  by  the  location  of  its  verticies  within  the  data  base;  the  more 
complex  a  modei  is,  the  greater  the  number  of  faces  and  vertices  it  contains. 
In  addition,  each  face  is  assigned  three  values  representing  the  amounts  of 
red,  green  and  blue  comprising  its  color  and  brightness. 

The  data  base  contains  two  types  of  coordinate  systems,  fixed  and 
moving.  The  fixed  coordinate  system  serves  as  the  reference  system  and 
uniquely  locates  every  object  within  the  data  base.  A  moving  coordinate 
system  is  also  referenced  to  the  fixed  system,  but  is  assigned  to  the  pilot- 
observer's  joystick.  By  manipulation  of  the  joystick,  the  observer  is 
actually  altering  the  position  and  orientation  of  a  moving  coordinate  system 
within  the  environmental  data  base. 
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As  an  observer  moves  his  head,  he  changes  his  head  pointing  direction 
which  is  provided  by  the  head  tracking  system.  Equivalently,  he  is  altering 
the  orientation  of  a  vector  within  the  moving  coordinate  system.  For  ease  in 
visualization,  we  can  refer  to  this  vector  as  the  observer's  line  of  sight. 

Each  television  raster  field  output  by  the  image  generator  requires  three 
processing  cycles.  Running  at  a  60  Hertz  update  rate,  each  cycle  requires 
approximately  a  field  time  or  16.7  milliseconds  for  completion.  The  cycles 
operate  simultaneously  on  sequential  television  fields,  outputting  them  at  a 
60  Hertz  rate  one  after  another  in  a  pipeline  fashion.  Due  to  timing  con¬ 
straints  between  the  first  and  second  processing  Cycles,  however,  the  pipeline 
process  actually  requires  4  field  times  or  66.7  milliseconds. 

During  the  first  cycle,  the  CI6  retrieves  the  head  tracker  and  joystick 
data,  processes  it,  and  determines  the  observer's  position  and  line  of  sight. 
Visual  fading  factors  derived  from  this  data,  fog  and  other  environmental 
effects,  are  also  determined. 3  The  data  is  not  ready  until  5  milliseconds 
into  the  next  cycle,  so  it  is  held  over  one  additional  cycle  until  the  start 
of  the  next  full  second  cycle. 

In  the  second  cycle,  position  and  line  of  sight  data  are  utilized  to 
determine  the  objects  that  are  visible  within  the  data  base.  Priorities  are 
resolved  {which  object  obscures  which),  and  the  verticies  of  the  visual  models 
are  mapped  onto  a  two-dimensional  display  plane  which  lies  normal  to  the 
observer's  line  of  sight.  The  size  of  the  display  plane  or  view  window  is 
determined  by  the  physical  size  of  the  helmet  mounted  laser  display  -  about  20 
degrees  square.  Its  rotation  about  the  observer's  line  of  sight  is  a  conse- 

?uence  of  head  rotation.  In  addition,  the  second  cycle  computes  sun  angle, 
ace  shading  and  color.  The  data  mapped  onto  the  plane  will  eventually  form 
the  visual  display. ^ 

The  third  cycle  completes  the  transformation  from  digital  data  to  video. 
It  receives  a  block  of  data  in  a  raster  line  format  indicating  edges  of  faces, 
locatior,  priority  and  color.  Using  the  fading  information  and  the  data  con¬ 
tained  within  the  block,  it  generates  one  video  field  corresponding  to  the 
observer's  field  of  view  along  his  line  of  sight. ^ 


3.  Morland,  D.  V.  and  Michler,  F.  A.  System  Description,  Aviation  Wide 
Angle  Visual  System  (AWAVS)  Computer  Image  Generator  (ClG)  Visual  System, 
General  Electric  Company,  Space  Division,  Daytona  Beach,  FL  32015.  Tech- 
nical  Report  NAVTRAEQUIPCEN  76-C0048-1,  Rev.  May  1981,  pp.  44-50. 

4.  Ibid.,  pp.  50-57. 

5.  ibid.,  pp.  57-67. 
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Figure  3  depicts  the  whole  process  In  a  timing  sequence.  During  the 
first  television  field  “O"  the  head  tracker  generates  head  pointing  dlrect^n 
data,  and  along  with  the  joystick  data.  It  Is  transferred  to  the  CIG  for  the 
start  of  cycle  one  processing  during  field  "I".  During  field  *'2*'  the  data 
generated  by  cycle  one  processing  Is  buffered  until  the  start  of  the  next 
fullfleld,  field  "3."  Cycle  two  processing  starts  In  field  “3."  The  data 
block  generated  during  field  “3“  is  used  during  field  "4*'  by  the  third 
processing  cycle  to  output  the  video  to  the  helmet  mounted  laser  projector. 

It  Is  essential  to  understand  that  a  video  Image  being  generated  by  the 
CIG  Is  not  displayed  until  4  fields  or  66.7  milliseconds  after  the  point  in 
time  It  was  generated  for.  In  essence,  the  Image  "lags"  the  point  In  time 
that  the  observer's  line  of  sight  and  data  base  location  were  sampled. 
Without  lag  compensation  for  the  image  delay,  the  viewer  will  never  see  a 
correct  display,  and  the  Illusion  of  flying  through  a  scene  with  joystick 
control  over  position  and  attitude  Is  lost. 

Real  aircraft  dynamics  are  not  Included  In  this  developmental  system. 
Instead,  the  joystick  Is  used  to  represent  movement  of  the  observer's  "air¬ 
craft"  through  the  data  base.  Viewer  HPD  is  provided  by  the  Polhemus  head 
tracking  device,  for  which  special  hardware  Interfaces  were  designed  and  built 
to  handle  the  data  flow  from  the  head  tracker  to  the  CIG.  These  Interfaces 
provide  the  conversion  and  buffering  of  the  data  as  required  by  the  CIG  data 
format  and  program  timing. 


LASER  VIDEO  PROJECTOR 

Video  Imagery  provided  by  the  CIG  Is  displayed  by  a  laser  video  projector 
designed  and  constructed  In-house.  The  system  projects  a  20  by  20  degree 
monochromatic  TV  raster  display  from  a  projector,  mounted  on  a  military  flight 
helmet  worn  by  the  observer,  onto  the  interior  of  a  one  meter  radius  dome.  A 
beaded  retro-reflective  material  covers  the  Interior  of  the  dome  and  provides 
high  screen  gains  in  the  direction  of  the  observer.  The  system  Is  '^^signed  to 
operate  at  a  60  Hertz  field  rate,  with  the  line  rate  adjustable  for  CIG  video 
rates  of  525  to  1023  lines  per  frame. 


VCnriCAL  SYNC 


1/ 

FIELD  0 

FIELD  1 

FIELD  2 

FIELD  3 

FIELD  4 

'  HPD 

DATA 

GATHERED 

CYCLE  1 

CYCU  2 

CYCLE  3 

HPO  a  JOYSTICK  _ 

DATA  TRANSFER  IMAGE  PROCESSING  AND  DISPLAY 

TO  CIG 


CIG  DELAY  66.7  MS 


Figure  3.  Processing  Sequence  for  a  CIG  Display. 
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Figure  4  is  a  block  diagram  of  the  laser  video  projector.  The  major 
components  of  the  projection  system  are  as  follows: 

Argon  Laser 

Acousto-Optic  Modulator  (AOM) 

Acousto-Optic  Beam  Deflector  (AOBD) 

Coherent  Fiber  Optic  Bundle 
Mirror  Galvanometer  Frame  Scanner 

Each  one  of  these  system  components  is  discussed  below. 

The  argon  laser,  a  Control  Laser  Corporation  model  number  553,  is  oper¬ 
ated  in  a  monochromatic  mode  through  the  use  of  a  Littrow  prism  as  the  rear 
cavity  mirror,  yielding  a  single  green  wavelength  of  5145  angstroms.  The 
laser  beam  has  a  diameter  of  1.6  mm.  and  a  divergence  of  0.4  mill iradians. 


VIOCO  MOOULATtO  atAM 


MORiZONTALLV 

•CANMCO  aCAM 


mtmom 


nmcomc 

MMOM  auNOia 


Figure  4.  Block  Diagram  of  Laser  Video  Projector. 
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The  output  of  the  laser  is  intensity  modulated  with  video  information 
from  the  image  generator  by  an  acousto-optic  modulator,  manufactured  by  the 
Intra-Action  Corporation  (model  number  125) .6 

The  video  modulated  laser  beam  is  expanded  by  the  use  of  a  Tropel  Beam 
Expander  to  a  22  mm.  diameter  collimated  beam,  and  then  compressed  to  a  22  mm. 
line  by  a  cylindrical  lens.  This  22  mm.  line  is  focused  into  the  crystal  of 
the  acousto-optic  beam  deflector  system,  which  deflects  the  first  order  dif¬ 
fracted  beam  through  an  angle  of  30.6  milliradians,  creating  the  video  line 
scan. 7  The  deflection  of  the  beam  is  controlled  by  a  275  -  475  MHz  fre¬ 
quency  chirp  centered  at  375  MHz.  The  chirp,  or  frequency  sweep,  is  provided 
by  a  voltage  controlled  oscillator  (VCO)  manufactured  by  Radio  Development 
Laboratories.  A  voltage  ramp  controls  the  range  of  the  frequency  sweep,  its 
linearity,  and  the  time  required  to  run  a  full  sweep.  Since  the  horizontal 
video  line  rate  varies  from  1023  to  525  lines  per  frame  depending  upon  the 
resolution  of  the  display,  the  period  of  the  voltage  ramp  is  variable  from 
25.6  to  63.5  microseconds. 

I 

The  AOBO  was  manufactured  by  the  Harris  Corporation  and  is  made  of  tellu¬ 
rium  dioxide  (Te02).  Its  maximum  throughput  efficiency  of  only  15  percent 
places  a  limitation  pn  the  brightness  of  the  final  display.  In  addition,  in 
order  to  achieve  a  linearly  deflected,  focused  beam  from  the  AOBO,  it  must  be 
driven  by  a  linearly  incremented  frequency  sweep. 8  In  order  to  avoid  unin¬ 
tentional  modulation; of  the  laser  line  scan  by  the  AOBD,  the  output  power  of 
the  voltage  controlled  oscillator  must  remain  constant  throughout  the  duration 
of  the  sweep.  At  the  sweep  rates  required,  the  in-house  designed  driver  for 
the  AOBD  is  neither  qniform  in  power,  nor  does  it  provide  a  linear  sweep  (the 
linearity  required  is  about  .01  percent).  The  end  result  is  a  severe  loss  of 
resolution,  vertical ; intensity  banding,  and  distortion  in  the  final  projected 
display.  In  Figure  5  these  effects  can  be  seen,  with  distortion  appearing  as 
a  slight  "S"  shape  iri  the  normally  flat  runway. 

j 

After  the  AOBD, !the  beam  is  recollimated  by  the  use  of  a  second  cylindri¬ 
cal  lens  to  reform  the  22  mm.  diameter  beam.  A  focusing  lens  is  then  used  to 
focus  the  beam  down  to  an  approximate  20  micron  spot  size,  which,  due  to  the 
scanning  effect  of  the  AOBO,  results  in  a  10  mm.  wide  line  scan. 8 


6.  Maldonato,  E.  0.  Helmet  Mounted  Display  Feasibility  Model.  Optical 
Design.  Technical  Report  NAVTRAEQUIPCEN  Iri-340,  July  igsJrpp^  6-^.^ 

7.  ibid.,  pp.  9-15. 

8.  ibid. 

9.  ibid.,  p.  16. 
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Figure  5.  Displayed  TV  Raster  as  Viewed  From  Cockpit. 


This  line  scan  is  arranged  to  fall  on  the  polished  faceplate  of  either  a 
full  frame  fiber  optic  bundle  or  a  flat  ribbon  fiber  optic  buodle  depending 
upon  the  particular  setup  in  use.  Both  coherent  bundles  serve  the  same  pur¬ 
pose,  which  is  to  optically  transport  the  laser  line  scan  to  the  observer's 
helmet.  The  Ifull  frame  coherent  fiber  optic  bundle  is  manufactured  by  the 
American  Optical  Company.  The  bundle  consists  of  individual  10  micron  fibers 
drawn  in  5  by|  5  arrays  which  are  then  arranged  into  a  rectangular  grouping 
with  dimensions  of  10  mm.  by  8  mm.  on  the  faceplates.  Each  fiber  is  one  meter 
long  and  has  d  numerical  aperature  of  0.56.  Transmission  through  the  bundle 
is  limited  tol  approximately  45  percent  and  mobility  of  the  helmet  mounted 
projector  is  somewhat  restricted  due  to  the  stiffness  of  the  bundle.  A  flat 
coherent  fiber-optic  ribbon  manufactured  by  Galileo  Electrooptics  Corporation 
is  also  being  lused.  A  number  of  6  by  6  arrays  of  10  micron  fibers  are 
arranged  in  a  2-meter  long  ribbon  that  is  12  fibers  thick  and  1002  fibers 
wide.  The  numerical  aperature  is  .68.  Mobility  is  much  improved  over  the 
previously  described  "full  frame  bundle,"  although  the  irregularity  of  the 
fiber  spacing  and  the  number  of  broken  fibers  further  reduces  the  resolution, 
and  places  dark  vertical  stripes  on  the  display  (see  Figure  5.) 
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The  second  face  of  the  fiber  bundle  is  mounted  to  the  helmet  and  arranged 
to  lie  In  the  focal  plane  of  a  15  mm.  projection  lens.  After  the  projection 
lens,  the  laser  line  scan  encounters  a  closed  loop,  moving  iron  galvanometer 
mirror  scanner  obtained  from  General  Scanning,  Inc.  (model  number  lOOPO). 
Servo  controlled  b>  a  General  Scanning  controller  (model  number  CCX-102),  and 
driven  by  the  60  Hertz  vertical  sync  from  the  CI6,  the  scanner  mirror 
deflects/sweeps  the  laser  scan  lines  vertically  as  they  are  projected  onto  the 
interior  surface  of  the  dome  screen,  providing  the  vertical  scanning  required 
to  form  the  completed  TV  raster  previously  referred  to  in  Figure  5.^0 

HEAD  TRACKER 

The  head  tracker,  a  SHMS  III-A  procured  from  Polhemus  Navigation 
Sciences,  Inc.,  computes  the  observer's  head  pointing  direction  with  respect 
to  the  simulator  cockpit.  Known  in-house  as  the  Polhemus  head  tracker  or 
"PHT,"  the  basic  system  consists  of  a  magnetic  field  radiator,  a  magnetic 
field  sensor  and  a  controller  -  the  electronic  systems  unit.  Mounted  on  the 
observer's  helmet,  the  small,  lightweight  sensor  moves  within  a  magnetic  field 
generated  by  the  cockpit  mounted  radiator.  As  the  orientation  and  position  of 
I  the  helmet  mounted  sensor  changes,  the  magnetic  field  coupling  between  the 
emitter  and  sensor  also  changes. 

The  sensor  as  well  as  the  radiator  each  consist  of  three  small  orthogonal 
coils.  Excited  sequentially  by  a  10.6  kHz.  frequency  burst,  the  radiator  pro¬ 
duces  three  magnetic  fields  whose  axes  are  orthogonal  to  each  other.  Each 
orthogonal  radiator  coil  emits  a  magnetic  field  for  a  small  period  of  time 
and,  during  the  time  the  field  is  active,  each  one  of  the  sensor  coils  is 
sampled. 

The  field  generated  by  the  active  radiator  coil  is  symmetrical  about  an 
axis  that  coincides  with  the  axis  of  the  radiator  coil.  The  orientation  and 
position  of  each  sensor  coil  within  the  generated  field  determines  the  amount 
of  current  induced  to  flow  in  the  sensor  coil.  By  performing  a  mathematical 
operation  upon  the  signals  obtained  from  the  three  sensor  coils,  the  sensor’s 
orientation  relative  to  the  axis  of  the  emitting  field  can  be  determined.  Its 
position  relative  to  the  axis  is  not  yet  fully  determined  due  to  the  symmetry 
of  the  field  about  the  axis.  This  operation  is  performed  three  times,  once 
for  each  field  generated.  When  the  above  operation  has  been  performed  for 
each  of  the  three  radiated  fields,  the  position  and  orientation  of  the  sensor 
relative  to  a  three  axis  coordinate  system  can  be  determined. 

The  sequence  which  determines  the  position  and  orientation  of  the  sensor 
relative  to  the  radiator  is  an  iterative  process  which  is  initiated  by  the 
vertical  sync  signal  once  every  16.7  ms.  Figure  6  depicts  the  process  in  a 
general  fashion. 


10.  ibid.,  p.  18. 
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The  magnetic  field  generated  by  a  radiator  coil  oriented  along  the  "X" 
axis  (the  observer's  forward  axis)  for  instance,  can  be  described  at  some 
arbitrary  point  as  a  vector  referenced  to  the  radiator  coordinate  system.  The 
sensor,  which  happens  to  be  located  at  that  point,  will  have  different  cur¬ 
rents  induced  in  its  coils  by  the  field.  These  currents  will  describe  the 
vector  in  terms  of  the  sensor  coordinate  system.  Each  time  a  radiator  coil 
becomes  active  and  generates  a  field,  it  is  described  by  the  sensor  coordinate 
system,  arbitrarily  located  at  some  point  within  the  field,  as  a  vector. 
After  the  three  fields  have  been  emitted  sequentially,  and  described  in  terms 
of  three  vectors  referenced  to  the  sensor  coordinate  system,  they  are  operated 
upon  by  an  inverse  magnetic  field  transfer  function. 

For  simplicity,  the  inverse  transfer  function  will  not  be  described  in 
any  great  detail.  Instead,  it  will  be  described  as  a  mathematical  operation 
that  is  a  function  of  sensor  position  (alpha  and  beta)  and  orientation  (psi- 
azimuth,  theta-pitch,  and  phi-roll)  with  reference  to  the  radiator  coordinate 
system.  For  a  given  current,  driving  a  radiator  coil  with  some  fixed  dimen¬ 
sion  and  number  of  turns,  there  is  an  associated  magnetic  field.  This  field 
can  be  fully  described,  using  a  suitable  coordinate  system,  as  a  vector  at  any 
point  distant  from  the  coil.  In  a  like  manner,  the  three  orthogonal  fields 
generated  by  the  radiator  are  also  fully  describable  at  any  point  with  refer¬ 
ence  to  the  radiator  coordinate  system.  Suppose  a  second  moving  coordinate 
system,  the  sensor  coordinate  system,  is  introduced.  As  long  as  its  orienta¬ 
tion  and  position  with  respect  to  the  fixed  radiator  coordinate  system  is 
known,  the  field  vector  can  also  be  described  in  terms  of  the  moving  sensor 
coordinate  system.  Figure  6  depicts  a  mathematical  operation  on  the  vector 
which  is  in  terms  of  the  radiator  coordinate  system.  The  output  of  this  oper¬ 
ation  is  the  vector  in  terms  of  the  sensor  coordinate  system.  The  operator  is 
the  transfer  function  "T"  which  is  a  function  of  position  and  orientation  of 
the  sensor  with  respect  to  the  radiator.  If  the  output  of  the  previous  opera¬ 
tion  is  operated  upon  by  the  inverse  transfer  function,  "T-l",  the  result  is 
the  vector  with  respect  to  the  radiator  once  again.  In  effect,  the  inverse 
transfer  function  has  undone  the  previous  operation.il 

Looking  at  Figure  6  once  again  with  particular  attention  to  the  process¬ 
ing  sequence,  the  vectors  as  referenced  to  the  sensor  are  multiplied  by  the 
last  known  correct  inverse  transfer  function,  using  the  last  known  alpha, 
beta,  psi,  theta,  and  phi.  The  output  of  thel  operation,  if  the  position  and 
orientation  are  correct,  is  the  characteristic  field  known  to  be  emitted  by 
the  radiator.  If  the  last  alpha,  beta,  psi,  ^eta  and  phi  are  incorrect,  the 
outputs  are  not  the  correct  field  vectors  with  respect  to  the  radiator,  and 
the  difference  is  linearly  related  to  the  true  ijilpha,  beta,  psi,  theta  and 


11.  Anon.  Operation  and  Maintenance  Manual  for  the  SHMS  Ill-A,  SPASYN  Helmet 
Mounted  Si ^t,Polhemus  Navigation  Sciences.  Inc..  Post  Office  Box  298. 
Essex  Junction,  VT  05452.  November  1980,  OMN-1024-1,  pp.  4:1-4:18. 
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phi.  The  new  position  and  orientation  angles  are  computed  and  output,  and  the 
inverse  transfer  function  is  updated  for  the  next  iteration.  Range  is  deter¬ 
mined  by  adjusting  the  current  to  the  radiator  coils  and/or  sensor  gain  in 
such  a  manner  that  the  vector  measured  by  the  sensor  always  has  some  constant 
length.  A  more  rigorous  treatment  of  the  processing  sequence  may  be  found  in 
Reference  12. 

In  the  HMD  system,  the  sensor  is  mounted  on  the  helmet  and  the  radiator 
placed  immediately  behind  the  cockpit  seat.  Hence,  sensor  orientation  is 
analgous  to  head  orientation  or  more  concisely,  HPO. 

As  previously  described  in  the  section  entitled  "Image  Generator" 
(page  12),  the  cockpit  referenced  HPD  is  used  by  the  CIG  to  compute  the 
observer's  line  of  sight.  Although  both  position  and  orientation  of  the 
sensor  are  provided  by  the  SHMS  IIIA,  only  the  sensor  orientation  is  used  to 
determine  the  observer's  line  of  sight.  Strictly  interpreted,  this  simplifi¬ 
cation  is  not  mathematically  correct.  It  is  simply  expedient,  since  in  the 
case  of  the  feasibility  model,  the  extreme  range  at  which  objects  within  the 
data  base  are  typically  viewed  precludes  the  visual  effects  of  minor  head 
translation. 

Because  the  head  tracking  system  relies  upon  magnetic  field  coupling, 
there  are  limits  to  the  extent  of  the  radiator/sensor  separation.  This  is 
referred  to  in  Polhemus  literature  as  the  "motion  box."  The  range  extends 
16  inches  forward  of  the  radiator  (X  direction),  plus  or  minus  8  inches  from 
side  to  side  (Y  direction)  and  8  inches  downward  from  the  radiator  (Z  direc¬ 
tion).  Operation  outside  these  limits  results  in  performance  degradation. 
When  the  head  tracker  is  installed  in  the  Helmet  Mounted  Display  Feasibility 
Model,  the  following  performance  specifications  are  met: 


STATIC  ANGULAR  ACCURACY 
plus  or  minus  .5  degrees  at  50  percent  CEP 
(50  percent  of  the  time,  the  output  is  within 
*1-  .5  degrees)  - 

ANGULAR  JIHER 

1/10  degrees  peak  to  peak  (roughly 
equivalent  to  1  bit  out  of  12  bits) 


12.  Raab,  Fredrick  H.;  Blood,  Ernest  B.;  Steiner,  Terry  0.;  and  Jones, 
Herbert  R.  Magnetic  Position  and  Orientation  Tracking  System,  in  IEEE 
Transactions  on  Aerospace  afj3  Electronic  Systems,  Vol.  AES-15  No.  5, 
September  1979,  pp.  709-718. 
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UPDATE  RATE 

synchronized  to  CI6  60  Hertz  video  field 
rate  (SitlS  IIIA  can  free  run  at  faster  rates, 
however,  cycle  time  is  irregular) 

DYNAMIC  ANGULAR  ACCURACY 
for  normal  head  rates  (600  degrees  per  sec 
or  less)  essentially  defined  by  the  number 
of  degrees  that  the  head  moves  during  the 
16.7  ms.  required  to  compute  HPO. 


Formatted  serially,  the  digital  data  consists  of  six  17-bit  words  output 
in  the  following  order:  yaw,  pitch,  roll,  X  (forward  dirc:tion  from  the  radi¬ 
ator)  Y  (lateral  movement),  and  Z  (vertical  motion).  Tne  first  12  bits  of 
each  17-bit  word  are  significant  data,  the  next  4  are  noise,  and  the  last  bit 
is  a  parity  bit.  The  hexadecimal  values  for  the  rotational  data  are  as 
follows: 


HEX  VALUE 


COOOHex 

aOOOHex 

4000Hex 

! 

Yaw 

Right  90  degrees 

Center 

Left  90  degrees 

Pitch 

Up  90  degrees 

Center 

Down  90  degrees 

Roll 

Right  90  degrees 

Center 

Left  90  degrees 

About  14  to  15.5  ms.  after  the  initial  sampling  procedure,  the  SHMS  III-A 
provides  a  "data  ready"  pulse.  This  is  a  signal  to  the  interfacing  hardware 
that  the  processing  is  complete,  and  the  head  pointing  direction  (HPD)  data  is 
available.  In  the  current  configuration,  the  in-house  designed  interfacing 
hardware  clocks  out  the  data  before  the  beginning  of  the  next  sync  pulse 
(vertical  sync)  which  occurs  every  16.7  milliseconds  (see  Appendix).  This 
sync  pulse  starts  a  new  HPO  data  gathering  cycle.  During  operation,  the  head 
tracker  delivers  HPD  data  at  a  60  Hertz  rate  with  a  delay  of  approximately  one 
field  time  between  the  sampled  HPO  and  the  HPO  data  output. 
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IMAGE  LAG  COMPENSATOR 

During  the  development  of  the  feasibility  model,  the  problem  of  scene 
instability  quickly  became  apparent.  Without  compensation,  due  to  the  time 
required  for  head  tracker  and  CIG  computations,  there  exists  an  error  in  image 
placement  during  head  motions.  Since  the  problem  is  especially  apparent 
during  a  rapid  head  movement  by  the  observer/pilot  wearing  the  helmet  mounted 
projector,  the  solution  to  this  problem  came  to  be  known  as  Rapid  Head  Motion 
Compensation  (RHMC).  The  compensation  mechanism  involves  the  use  of  a  micro¬ 
processor  with  software  that  controls  the  relative  projection  angle  of  the 
imagery  from  the  viewer's  helmet  in  response  to  image  displacement  error. 
Change  in  the  image  projection  direction  is  accomplished  via  offsets  input 
into  the  vertical  and  horizontal  sweep  of  the  laser  video  projector.  In  this 
section,  an  examination  of  the  cause,  effects,  and  the  solution  devised  for 
scene  instability  will  be  discussed. 

The  problems  that  arise  from  rapid  head  motions  are  due  to  the  discrete 
sampling  of  the  head  pointing  directions  and  the  finite  time  involved  in 
providing  an  updated  image  via  the  CIG.  This  results  in  an  image  placement 
error  coinciding  with  head  motion  and  is  manifested  in  an  apparent  motion  of 
what  should  be  stationary  objects  in  the  subject's  FOV.  With  no  compensation, 
objects  appear  to  "swim"  during  the  start  and  finish  of  a  head  motion  and  are 
displaced  during  the  actual  head  motion. 

Consider  the  viewer  to  be  at  some  stationary  position  within  the  data 
base.  Further,  consider  the  head  of  the  viewer  to  be  stationary  with  an  image 
projected  cnto  the  screen  from  the  HMD.  Objects  within  the  displayed  image 
are  stable  as  long  as  the  viewer  does  not  move  his  head  because  the  displayed 
image  is  being  computed  and  displayed  for  a  fixed  line  of  sight.  Returning  to 
Figure  3,  when  the  viewer  changes  his  head  pointing  direction  (HPD),  at  the 
start  of  field  "0,"  the  head  tracker  doesn't  compute  a  new  HPD  until  just 
before  the  next  vertical  sync.  This  new  set  of  yaw,  pitch,  and  roll  data 
reflects  the  HPD  of  the  viewer  at  the  sampling  time,  not  at  the  time  of  the 
HPD  output.  The  time  between  the  sampling  and  output  of  the  HPD  data,  one 
field  time  or  16.7  ms.,  is  one  source  of  delay  in  updating  the  image.  Another 
source  of  delay  in  updating  the  image  after  the  occurrence  of  a  head  motion  is 
the  time  required  for  the  CIG  to  take  in  new  head  pointing  data  and  then  to 
compute  an  image  based  on  the  new  viewer  line  of  sight.  As  previously  des¬ 
cribed  in  the  "Image  Generator"  section,  the  CIG  requires  4  fields  to  generate 
and  display  the  image. 

If  the  viewer  has  moved  his  head  during  the  five  field  times  that  occur 
between  HPD  sample  time  and  the  display  of  the  image  based  on  that  sample,  he 
will  observe  an  incorrectly  displayed  image.  A  5  field,  or  83.5  ms.,  time  lag 
exists  between  the  old  line  of  sight  the  image  is  created  for  and  the  current 
line  of  sight  the  image  is  being  projected  towards. 
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To  visualize  the  effects  of  the  83.5  ms.  time  lag,  suppose  that  the 
projected  image  contains  a  tree  as  an  object  in  the  center  of  the  display. 
Without  compensation,  a  head  motion  to  the  right  of  2  degrees  during  the  above 
time  interim  between  sampling  and  display  will  result  in  the  tree  also  moving 
2  degrees  to  the  right.  All  objects  in  the  image  will  retain  the  same  orien¬ 
tation  they  had  before  the  head  motion  and  the  scene  will  be  incorrectly 
displayed  until  the  process  of  computing  a  new  HPD  and  subsequent  CIG  image 
display  for  the  new  line  of  sight  is  completed.  When  the  viewer  completes  the 
head  motion,  the  tree  will  at  that  moment  be  displaced  to  the  right  followed 
by  a  gradual  movement  of  the  tree  to  the  left  as  the  CIG  generates  the  correct 
image  for  that  particular  line  of  sight.  Obviously,  this  effect  can  be  very 
disorienting  to  the  viewer,  for  trees  should  be  rooted  in  the  ground  and 
stationary.  Not  only  objectionable  from  a  subjective  standpoint,  it  is  highly 
probable  that  an  improperly  placed  image  can  result  in  negative  training  cues 
to  the  prospective  trainee.  As  a  consequence,  it  is  desirable  that  the  image 
lag  be  reduced  to  some  tolerable  level. 

The  Rapid  Head  Motion  Compensation  System  reduces  the  previously  des¬ 
cribed  image  delay  problem.  Essentially  the  hardware,  under  software  control, 
moves  the  raster  in  such  a  manner  as  to  keep  objects  in  the  FOV  from  moving  as 
the  pilot  changes  his  HPD.  The  RHMC  system  performs  compensation  based  on  the 
current  HPO  sample  compared  with  the  HPO  that  was  used  to  compute  the  image  to 
be  displayed  next.  The  difference  between  these  HPOs  is  massaged  by  software 
and  sent  to  raster  shifting  hardware  to  shift  the  projected  imagery  horizon¬ 
tally  and  vertically  opposite  the  direction  of  head  motion.  The  system 
attempts  to  place  the  display  physically  along  the  old  line  of  sight  it  was 
created  for. 

For  the  HMD  feasibility  model,  the  angular  error  in  line  of  sight  amounts 
to  the  movement  of  the  viewer's  head  over  five  video  field  times.  The  soft¬ 
ware  that  corrects  this  error  has  been  named  "STHPREV,"  referring  to  the 
number  of  video  fields  delay  involved.  The  software  is  written  in  8085 
assembly  language  and  is  designed  to  provide  raster  shift  values  within  the 
timing  restraints  shown  in  Figure  7  (see  Appendix  A  for  flowcharts  and  addi¬ 
tional  detail).  This  timing  diagram  shows  the  initialization  of  the  PHT  data 
gathering  and  calculation  cycle  by  the  vertical  sync  of  the  video,  followed  by 
a  "data  ready"  some  15  milliseconds  later.  The  software  then  takes  the  HPD 
from  the  PHT  data  controller  (see  Appendix  A)  and,  after  processing,  outputs 
the  raster  shift  values  before  the  next  vertical  sync.  In  general,  tne  pro¬ 
gram  is  configured  to  allow  compensation  for  any  number  of  "fields"  delay 
(depending  on  the  specific  CIG  delay)  and  is  referred  to  as  "NTHPREV." 
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(D  PERFORMS  MEASUREMENT  AND  CALCULATION 

PROCESS.  (15.5  ma) 

0  •*^H.P.O.  DATA  IS  READY  AND  ACCEPTED  BY  8085. 

@  -«>(^SHIFTINQ  VALUES  ARE  CALCULATED.  OUTPUT 
OCCURS  AT0 

0  -a0STORAGE  TABLES  ARE  SHIFTED  8085  WAITS  FOR 
PHT  DATA  READY. 


Figure  7.  RHMC  Timing  Oiagra-n. 


A  graphical  illustration  of  the  effects  of  compensation  on  the  display  is 
provided  by  the  graphs  in  Figure  8.  Consider  the  simulator  cockpit  to  be 
nxed  at  some  point  within  the  environmental  data  base  used  to  create  the 
visual  display  and  for  simplicity,  consider  all  angular  motion  relative  to  the 
simulator  cockpit.  In  the  first  graph,  an  arbitrary  horizontal  head  movement 
by  a  viewer  wearing  t‘'e  helmet  mounted  projector  is  followed  one  field  later 
by  the  head  tracker  output.  Three  fields  after  the  head  pointing  direction 
(HPO)  data  is  made  available,  the  CI6  completes  the  processing,  and  during  the 
fourth  field,  the  generated  image  is  displayed.  Since  the  projector  is  physi¬ 
cally  attached  to  the  observer's  head,  the  projector  heading  (i.e.,  its  pro¬ 
jection  axis)  is  identical  to  the  viewer's  head  pointing  direction.  In  the 
graph  the  first  curve  to  the  left  represents  actual  head  motion,  the  second 
curve,  the  PHT  output,  and  the  third  curve,  the  angular  heading  for  which  the 
image  being  displayed  was  calculated.  The  vertical  separation  between  the 
viewer  head  motion  curve  and  the  CIG  image  heading  curve  represents  the  uncom¬ 
pensated  angular  image  lag,  which  the  viewer  observes  as  an  incorrectly  posi¬ 
tioned  image.  As  previously  mentioned,  the  image  lag  is  equivalent  to  the 
angular  distance  traveled  by  the  head  during  live  TV  fields  or  83.5  milli¬ 
seconds. 

The  second  graph  in  Figure  8  depicts  the  operation  of  the  rapid  head 
motion  compensation  system.  It  can  be  understood  as  follows;  since  the  image 
lag  amounts  to  five  fields  of  head  travel,  the  heading  of  the  helmet  mounted 
projector  needs  to  be  shifted  back  five  fields  of  head  travel  in  order  to 
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Figure  8.  Effects  of  Lag  Compensation. 
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coincide  with  the  heading  of  the  displayed  image.  The  projecto»*  heading  is 
changed  by  offsetting  the  position  of  the  horizontal  line  scan.  The  offset  is 
performed  during  the  vertical  blanking  interval  just  prior  to  actual  display 
of  the  image.  The  most  recent  head  position  information  available  is  received 
just  before  the  occurrence  of  vertical  sync.  The  difference  between  the  most 
recent  HPD  data  and  the  fifth  previous  piece  of  HPO  data  amounts  to  the 
angular  change  in  head  position  over  five  fields.  Essentially  then,  the  pro¬ 
jector  heading  is  changed  using  the  most  recent  five  field  head  position 
change  available.  This  operation  is  graphically  illustrated  by  noting  that 
the  five  field  difference  "OIFF  5"  (see  Appendix  A,  RHMC  Software)  is  added  to 
the  actual  head  position  at  the  beginning  of  the  display  field  via  horizontal 
raster  shifting.  This  produces  a  compensated  projector  heading,  where  the 
difference  between  the  compensated  heading  and  the  CIG  image  heading  is 
angular  discrepancy  still  remaining  after  compensation.  Note  that  although 
the  compensation  is  not  perfect,  the  remaining  image  lag  is  considerably  less 
than  the  uncompensated  image  lag,  and  the  image  is  generally  compensated  when 
the  viewer's  head  has  completed  the  motion. 

Further  information  detailing  the  implementation  of  both  the  software  and 
the  hardware  in  Rapid  Head  Motion  Compensation  can  be  found  in  the  Appendices 
of  this  report. 
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SECTION  IV 

OBSERVATIONS  AND  CONCLUSIONS 


It's  clear  that  neither  fiber  optic  bundle  transmits  a  totally  acceptable 
line  scan.  The  full  frame  bundle,  utilized  becaused  of  its  in-house  avail¬ 
ability,  offers  many  redundant  rows  of  fibers  on  which  a  line  scan  can  be 
focused.  Still,  finding  a  row  or  group  of  rows  which  has  no  broken  fibers  is 
impossible.  Unlike  the  full  frame  bundle,  the  ribbon  bundle  provides  improved 
mobility,  but  at  the  expense  of  unevenly  spaced  fibers,  a  quantity  of  borken 
fibers  and  poorly  polished  fiber  ends.  Despite  these  contrary  observations,  a 
coherent  fiber  optic  ribbon  bundle  should  be  available  and  suitable  for  future 
use  with  development  of  appropriate  manufacturing  techniques. 

The  Acousto  Optic  Beam  Deflector  (AOBD)  produces  an  unevenly  focused, 
non-linear  horizontal  line  scan.  This  is  due  to  the  VCO's  inability  to  supply 
a  linear  frequency  chirp  with  a  power  variation  of  less  than  *  2db.  Power 
variation  results  in  a  line  scan  that  varies  in  brightness.  Non-linearity  in 
the  chirp  produces  a  non-linear  line  scan  that  varies  in  focus.  Attempts  were 
made  to  1  inearl ize  the  line  scan  by  suitably  shaping  the  ramp  signal  that 
served  as  the  input  to  the  VCO,  One  promising  method  involves  the  use  of  a 
fast  digital  to  analog  converter.  The  in-house  efforts,  however,  met  with 
little  success.  At  present,  the  best  alternative  seems  to  involve  the  use  of 
a  high  speed,  rotating  scanner  mirror  system  manufactured  by  Speedring,  a 
division  of  Schiller  Industries,  Inc.,  which  is  now  planned  for  use  in  the 
Visual  Display  Research  Tool. 

The  display  distortion  and  lack  of  resolution  was  judged  objectionable  by 
most  viewers.  Display  distortion  was  far  more  than  the  typical  viewer  would 
observe  on  his  own  home  television  although  exact  measurements  were  not  made. 
Figure  9  shows  a  test  grid  as  displayed  by  the  HMD  system.  The  distortion 
occurs  both  vertically  and  horizontally,  although  the  horizontal  distortion  is 
more  extreme.  The  resolution  was  determined  to  be  approximately  200  TV  line 
pairs  under  the  most  optimal  conditions. 

The  head  tracker  utilized  is  acceptable  for  this  particular  visual  dis¬ 
play.  Some  minor  modifications  were  made  which  reduce  the  HPO  data  filter¬ 
ing.  This  decreases  the  settling  time  for  small  angular  step  changes  but 
increases  the  jitter  in  the  HPO  data.  Since  the  resolution  of  the  feasibility 
model's  display  is  low,  the  jitter  is  not  directly  observable  by  a  subject 
wearing  the  helmet.  In  order  to  preserve  the  resolution  of  the  imagery 
presented  by  the  follow-on  VDRT,  it  has  been  determined  that  a  head  tracker 
with  at  least  14-bit  accuracy  or  better  is  required  to  keep  the  jitter  at  a 
pixel  or  sub-pixel  level.  If  the  helmet  mounted  sensor  and  cockpit  mounted 
emitter  are  properly  placed,  the  aluminum  housing  of  the  projector  (a  moving 
metallic  mass)  does  not  appear  to  significantly  affect  the  accuracy  of  the  HPD 
data.  Generally,  it  is  felt  that  the  absolute  accuracy  of  the  head  tracker  is 
less  important  than  its  ability  to  resolve  small  angular  changes  and  provide 
low  noise  data  rapidly. 
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Figure  9.  Grid  Patterns  Displayed  by  Helmet  Mounted  Projector. 


The  overall  effect  of  the  RHMC  system  is  an  increase  in  scene  stability 
during  head  motions  of  the  observer.  During  the  testing,  tweaking,  and  evalu¬ 
ation  of  tne  feasibility  model,  many  people  viewed  the  display  with  RHMC  both 
operational  and  non-operational.  With  the  compensation  system  functioning, 
most  indicated  the  image  lag  was  not  directly  observable;  when  the  compen¬ 
sation  system  was  switched  off,  all  viewers  were  acutely  aware  of  the  swimming 
effects  caused  by  the  lag.  Those  intimately  familiar  with  the  system  could 
cause  lag  effects  simply  by  exceeding  the  shifting  capability  of  the  RHMC 
system.  Although  a  cause  of  concern  at  first,  no  compensation  was  provided 
for  head  roll.  It  seems  that  most  viewers  were  incapable  of  achieving  roll 
speeds  at  which  the  effects  might  be  observable  or,  the  display  was  too  small 
to  observe  them.  No  roll  compensation  is  planned  for  the  VORT. 

Several  major  issues  remain  unresolved.  An  eye  tracker  will  be  required 
in  the  VDRT ;  yet,  there  is  no  known  method  which  combines  the  properties  of 
rapid  update  and  unobtrusive  measurement.  Raster  shifting  will  produce  some 
display  distortion  when  used  in  a  wide  FOV  system  (such  as  the  VDRT).  The 
distortion  correction,  if  any,  that  may  be  required  of  the  CIG  remains  to  be 
determined.  One  additional  issue  concerns  data  base  modeling.  In  the  VDRT, 
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objects  within  the  environmental  data  base  will  consistently  be  making  the 
transition  from  the  low  resolution  IF0V»  where  they  are  modeled  in  relatively 
low  detail,  into  the  high  resolution  AOI  where  they  become  high  detail 
models.  The  blend  region  around  the  AOI  should  reduce  the  problem  somewhat, 
but  unfortunately,  the  change  in  detail  will  take  place  in  the  motion  sensi¬ 
tive  peripheral  viewing  region  of  the  eye.  It  is  not  clear  at  this  point  how 
to  model  objects  within  a  data  base  to  make  the  transition  unobtrusive.  Still 
more  investigation  and  research  is  needed  for  answers. 
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APPENDIX  A 
RHMC  SOFTWARE 


The  software  for  RHMC  has  two  functions.  One  function  is  to  keep  a 
record  of  past  HPO  values  and  then  to  calculate  the  required  amount  of  raster 
shifting  for  proper  image  placement.  This  function  is  interrelated  with  the 
PHT  and  CI6  video  timing,  with  the  vertical  sync  of  the  CIG  video  being  the 
master  timing  signal  for  the  software  and  PHT.  The  second  function  is  essen¬ 
tially  transparent  to  the  logic  flow  of  the  software  and  concerns  the  loading 
of  three  data  buffers  for  the  transfer  of  HPD  data  to  the  CIG. 

The  software  has  several  tasks  in  order  to  accomplish  raster  shifting. 
First  is  the  initialization  and  updating  of  two  tables  in  RAM  for  the  storage 
of  past  and  present  HPOs.  These  two  tables,  one  each  for  vertical  and  hori¬ 
zontal  data,  are  shown  in  Figure  Al.  The  most  recent  (or  present)  values, 
W-0,  are  placed  at  the  top  of  the  tables  and  moved  down  to  the  W-1  position 
when  a  new  HPO  data  set  is  obtained.  This  downwards  movement  of  an  HPD  value 
in  the  tables  continues  each  time  a  new  data  set  is  obtained  (W-I  to  W-2,  W-2 
to  W-3,  W-3  to  W-4,  W-4  to  W-5)  until  the  data  is  no  longer  needed  and  is 
discarded.  Initialization  of  the  tables  is  performed  by  subroutine  TABLESET 
which  loads  the  boresight  values  (zero  degrees)  into  the  two  tables.  The 
downward  movement  of  the  table  values  is  accomplished  via  the  subroutine  FIFO 
during  the  time  that  the  PHT  is  calculating  the  new  HPO  values. 

The  length  of  the  tables  determines  the  number  of  HPO  values  to  be 
stored,  and  at  the  same  time,  implies  the  number  of  field  times  delay  for 
which  the  program  will  compensate.  For  a  five  field  delay  in  PHT  to  CIG  image 
presentation,  the  tables  must  store  the  five  previous  HPD  samples  plus  the 
present  sample  for  a  total  of  six  HPO  words  per  table.  The  error  in  image 
placement,  for  an  exact  five  field  delay,  is  simply  the  difference  between  the 
present  sample  (W-0)  and  the  W-5  sample.  With  the  present  sample  always  at 
the  top  of  the  table  and  the  fifth  previous  sample  always  at  the  bottom,  the 
error  value  is  found  by  subtracting  the  last  word  in  the  table  from  the  first 
word.  Below  each  table  there  are  two  reserved  bytes  of  RAM  that  are  used  to 
store  the  sign  of  the  angular  error  and  the  value  of  the  shift  word  to  be  sent 
to  the  output  DACs  for  shifting  the  raster.  1 

Figure  Al  also  shows  the  reserved  RAM  areas  for  a  table  of  input  |/alues 
which  are  used  to  determine  the  length  of  the  HTABLE  and  VTABLE  and  to  set  up 
needed  constants.  The  values  (H  or  V)INITIAL  and  (H  or  V)FINAL  are  thelfirst 
and  last  RAM  addresses  used  to  store  HPD  samples  (2  bytes  per  sample).!  For 
five  fields  delay  and  the  required  six  sample  storage,  12  bytes  are  needed  per 
table.  In  the  figure,  the  HINITIAL  value  is  2020hex  and  HFINAL  is  202Bhex. 
The  (H  or  V)S0URCE  values  are  used  by  FIFO  to  point  to  the  first  byte  to  be 
moved  two  addresses  downward,  with  the  (H  or  V) INITIAL  values  indicatind  the 
last  byte  to  be  moved.  Constants  in  the  Input  Table  are  as  follows: 
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INPUTS  HTABLE 


2000 

20 

2020 

2001 

20 

1  HINiilAL 

2021 

2002 

30 

l  WlkllTIAI 

2022 

— HW,— 

2003 

20 

1  VINIIIAi. 

2023 

2004 

29 

1  HSOURCE 

2024 

1  hIIW 

2005 

20 

2025 

2006 

30 

1  uemior'c 

2026 

— HW,— 

2007 

20 

2027 

2008 

2B 

2028 

— HW, — 

2009 

20 

■  III 

2029 

200A 

3B 

202A 

— HW,— 

200B 

20 

f  VrINAL 

202B 

200C 

00 

HCONTROL 

202C 

SIGN 

2000 

00 

VCONTROL 

2020 

HSHIFT 

200E 

A7 

HCENTER 

202E 

200F 

A7 

VCENTER 

202F 

2010 

00 

}  HZERO 

2011 

80 

2012 

00 

2013 

80 

f  VZbRO 

2030 

— VWo— 

2014 

MASK  VALUE 

2031 

2015 

3B 

HMAX 

2032 

— VWt— 

2016 

3B 

VMAX 

2033 

2017 

2034 

2018 

2035 

“VW*— 

2019 

2036 

— vw,— 

201 A 

}  SCRATCH 1 

2037 

201 B 

2038 

201 C 

}  SCRATCH2 

2039 

— VW*  — 

201 D 

203A 

201 E 

203B 

— vw* — 

201 F 

203C 

SIGN 

2030 

VSHIFT 

203E 

203F 

Figure  Al.  NTHPREV  Reserved  RAM  Inputs  and  Tables. 
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(H  or  V)C0NTR0L  -  provides  for  the  fine  adjustment  of  shift  values 

sent  to  DACs  (see  subroutine  ADJUST). 

(H  or  V)CENTER  -  centering  values  for  raster  to  be  sent  to  the 

DACs. 

(H  or  V)ZER0  -  the  boresight  (or  zero  degree  value)  used  to 

initialize  the  tables. 


MASK 

(H  or  V)MAX 


value  used  in  setting  8085  mask  for  interrupt 
priority. 

limit  the  shift  values  sent  to  the  DACs  (must  be 
set  less  than  3Bhex). 


There  are  also  four  bytes  reserved  below  the  Input  Table  for  temporary  storage 
purposes  designated  as  SCRATCHl  and  SCRATCH2. 

Once  the  HTABLE  and  VTABLE  are  initialized  and  an  update  is  received  from 

the  PHT,  the  process  of  computing  the  two  8-bit  words  for  controlling  the 

raster  placement  on  the  target  plane  of  the  projection  lens  begins.  This 
process  is  performed  by  subroutines  HSHIFT  and  VSHIFT  for  the  horizontal  and 
vertical  offset  values.  Referring  to  the  flowchart  for  HSHIFT  in  the  appen¬ 
dices,  the  first  step  is  to  find  the  difference,  HDIFF,  between  the  present 
and  fifth  previous  horizontal  samples  as  explained  previously.  The  next  step 
is  to  use  the  HOIFF  value  to  calculate  the  HSHIFT  offset  value. 

The  HSHIFT  value  is  dependent  on  the  target  plane  raster  size,  the  pro¬ 
jections  lens,  and  the  reference  voltage  for  the  DACs.  The  HSHIFT  value  for 
the  laser  based  HMD  system  is  calculated  according  to  the  focal  length  of  the 
lens  and  the  required  displacement  of  the  raster  to  effect  an  angular  shift  of 

the  projected  image  equal  to  the  HDIFF  value.  Suppose  that  the  HDIFF  value 

represents  a  1-degree  movement  of  the  viewer's  head.  This  corresponds  to  a 
16-bit  value  of  OOBOhex  (or  176decimal)  for  HDIFF.  HDIFF  must  then  be  scaled 
to  the  proper  value  which  will  shift  the  raster  horizontally  on  the  target 
plane  and  result  in  an  angular  shift  of  the  imagery  being  projected  by 
1  degree. 

To  find  the  scale  factor  for  the  horizontal  channel,  the  8-bit  word 
required  to  displace  the  raster  line  one  quarter  of  its  length  was  experi¬ 
mentally  determined  to  be  32hex  or  SOdecimal.  Knowing  the  focal  length 
(8  mm.)  at  the  target  plane,  an  offset  of  32hex  results  in  a  7.6  degree  shift 
of  the  projected  imagery.  This  corresponds  to  a  0.15  degree  shift  of  the 
image  per  unit  offset  increment  sent  to  the  horizontal  digital  to  analog 
converter  (HD AC) .  Therefore,  to  shift  the  image  by  1  degree,  an  offset  value 
of  approximately  07hex  is  needed.  Hence,  a  scale  factor  of  1/26  decimal  is 
needed  to  scale  the  HDIFF  value  of  OOBOhex  to  its  proper  value  of  07hex  before 
being  sent  to  the  HOAC.  However,  due  to  the  limited  instruction  set  of  8085 
up,  division  by  26  is  not  directly  accomplished.  To  solve  this  problem,  the 
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direction  taken  was  to  add  a  percentage  of  the  HDIFF  value  to  itself  (in  the 
form  of  N*HDIFF/32  or  N*3  percent  of  HDIFF)  and  then  to  divide  this  new 
adjusted  HDIFF,  NHDIFF,  by  32  (by  shifting  NHDIFF  5  bits  to  the  right)  to 
effect  an  approximate  division  by  26.  This  adjustment  is  performed  by  sub¬ 
routine  ADJUST,  which  also  allows  minor  adjustment  in  the  RHMC  shifting  to 
account  for  delays  which  are  not  integer  multiples  of  field  times.  After  the 
magnitude  of  the  horizontal  offset  value  is  found,  the  sign  of  the  angular 
difference  is  used  to  determine  whether  to  add  or  subtract  the  offset  value  to 
or  from  the  raster  centering  value.  This  decision  determines  the  shift  direc¬ 
tion  to  be  either  to  the  right  or  left  depending  on  the  direction  of  head 
motion. 

The  VSHIFT  value,  however,  is  not  dependent  on  the  projection  lens  or  the 
raster  size.  This  is  due  to  the  fact  that  the  angular  shifting  of  the  image 
in  the  vertical  direction  is  performed  by  offsetting  the  central  positioning 
of  the  frame  scanning  mirror,  which  is  located  after  the  projection  lens. 
Here,  the  8-bit  word  required  to  shift  the  image  in  the  vertical  direction  by 
4  degrees  was  experimentally  determined  to  be  16hex  (or  22decimal),  resulting 
in  a  0.18  degree  shift  per  unit  offset  sent  to  the  VDAC.  These  constants 
indicate  that  the  scale  factor  for  the  vertical  channel  should  be  l/29deci- 
mal.  Once  again,  the  ADJUST  subroutine  allows  for  an  effective  approximate 
division  of  VDIFF  by  29  and  minor  adjustment  of  the  shift  value  magnitude. 
When  the  VOFFSET  magnitude  is  calculated,  the  sign  of  the  angular  difference 
is  used  to  determine  whether  to  add  or  subtract  the  VOFFSET  magnitude  to  or 
from  the  vertical  raster  centering  value. 

The  overall  effect  of  the  RHMC  system  was  an  increase  in  scene  stability 
during  head  motions  of  the  observer.  Once  the  system  had  been  incorporated 
into  the  HMD,  subjective  experiments  were  performed  to  fine  tune  the  compensa¬ 
tion  effect  by  varying  the  control  words  for  the  ADJUST  subroutine.  These 
control  words  were  found  to  be  valuable  in  adjusting  for  changes  in  the  focal 
length  of  the  final  projection  lens,  as  well  as  for  their  intended  use  of 
providing  a  means  to  compensate  for  CIG-PHT  delays  that  are  integer  multiples 
of  a  field  time. 

Sometime  just  before  or  during  the  pending  vertical  sync,  the  RHMC  pro¬ 
gram  finishes  calculating  the  two  8-bit  words  representing  respectively  the 
horizontal  and  vertical  raster  shift  (HSHIFT  and  VSHIFT).  Then  the  system 
enters  a  loop  and  waits  for  the  next  occurrence  of  vertical  sync  (7.5  inter¬ 
rupt);  when  vertical  sync  occurs,  the  program  responds  by  outputting  the  two 
8-bit  words  to  the  horizontal  and  vertical  digital  to  analog  converters  (HDAC 
and  VDAC).  The  voltage  output  of  the  DACs  control  the  extent  of  the  raster 
shift  required.  The  output  of  the  HDAC  frequency  shifts  the  chirp  that  drives 
the  acousto  optic  beam  deflector  (AOBO),  causing  an  offset  of  the  horizontal 
line  scan.  Shifting  the  helmet  mounted  mirror  scanner  with  the  VDAC  raster  is 
done  only  during  the  vertical  retrace  time  (i.e.,  during  the  vertical  sync). 
By  introducing  a  shift  during  the  time  that  the  video  is  blanked,  the  whole 
raster  is  shifted  as  a  unit  and  tearing  or  separation  of  the  displayed  raster 
is  avoided. 


30 


MAVTRAEQUIPCEN  IH-338 


(Wise  F2  LPREV  SPC  DEBUG  N0D85 


ISIS-II  8088/^  NfiCRO  flSSEWiJ?.  V2  9  LPPtV 


LOC  CSJ  LINE  SOUPCE  STATEMENT 

1  NAME  LrtEV 

2  . 

3  ■ 

4  , 

5  .  IJPOATED  FOP  LftSEP  PPOJECTOP  J>XV  2  1?81 

6  . 

7 

8  ■ 

9  . 

10  ; 

U  , 

12  I  «*•♦****»*****»♦♦* 

12  ,  •  » 

14  ,  *  LPPEV  * 

15  .  ♦  * 

1$  ,  m**************** 

17  , 

18  ; 

19  - 

20  i  THIS  PROGRAM  IS  A  MODIFICATION  OF  (mfPEV  FOP  TIC  LASEP  DISPLAV  rrTIEM 

21  . 

22  . 

•  23  .  fmm  IS  THE  MAIN  PROGRAM  FOP  PAPIP  tCAD  MOTION  COWCNSAtION  THE  PAOGPAM  COMPENSATES 

24  ,  FOR  CIG  DELAV  TIME  IN  THE  PHT-CIfr-VIEHER  LOOP  THE  BASIC  ALGOFITH1  LISES  THE 

25  ,  DIFFERENCE  IN  ICAD  AZIMUTH  AM)  aEVATION  FPOM  T»C  PFESENT  VIDEO  FIELD  TO  THE 

26  .  NTIPREVIOUS  FIELD  THIS  DIFFERENCE  IS  IJSED  TO  OFFSH  TIC  RASTER  IMAGE  OPPOSITE 

27  .  THE  DIRECTION  OF  HEAPING  CHANGES  'VEPT  AM)  HORIZ  0«.V» 

28  . 

29  •  THIS  OFFSET  IS  AD;iJSTAeLE  VIA  TIC  EQUATION 

30  . 

21  ,  OFSET  =  DIFF  ♦-  N  ♦  <D1FF/16> 

32,  . - • 

33  ,  22 

34  . 

35  -  IKRE  N  IS  A  CONTROL  VALUE  WITH  AN  ALLOCD  RANGE  OF  ♦-  31  FOP  EACH  IW’IVICLIAL  OFFSET 

36  .  <  SEE  SUBROUTINE  ADJUST  ) 

37  . 

38  , 

39  ,  THE  SHiniNG  OF  THE  PASTER  IS  ACCONM-ISHED  BV  CHANGING  THE  VERTICAL  ANC-  HOPIITCNTAL 

40  ;  SVNC  SIGNALS  DURING  THE  VERTICAL  RETRACE  THt  TIC  AHOUNT  OF  OFFSET  IS  LIMITED-  BV 

41  ,  HHAX  AND  VHAX  VALUES  HHICH  SHOULD  BE  SET  AT  A  MAXIMUM  OF  ?1  DECIMAL 

42  i  BEFORE  RUNNING  THIS  PROGRAM  EE  CERTAIN  THAT  THE  RESERVED  RAM  LOCATIONS  *£  FILLED- 

43  i  HITH  THE  PROPER  INFORMATION  THAT  DEFIIC  TIC  STORAGE  TABLES.  CONTROL  VALUES-  AHD- 

44  i  HAXIMUH  SHIFT  VALUES.  THIS  MAV  BE  DONE  VIA  SUBROUTINES  INT4.  1NT5,  OR  INT6 

45  i 

46  tEJECT 


31 


NAVTRAEQUIPCEM  IH-338 


C 
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119 

NOV 

A.D 

606E  17 

120 

RAL 

006F  3F 

121 

CHC 

0070  IF 

122 

RAR 

0071  77 

123 

NOV 

HA 

0072  326000 

E 

124 

STA 

GETaV 

0075  3E01 

125 

NVI 

A.81H 

0077  F6 

126 

El 

0678  C9 

127 

RET 

128  ( 

0079  2A0080 

E 

129  VERT: 

liLD 

VMWT 

0O7C  EB 

130 

XCHG 

007D  2A0000 

E 

131 

LHLD 

VINITL 

0060  73 

132 

NOV 

N.E 

0081  23 

133 

UK 

H 

0082  TA 

134 

NOV 

A,D 

0063  17 

135 

RAL 

0004  3F 

136 

CNC 

0085  IF 

137 

RAR 

0006  77 

138 

NOV 

N.A 

0087  3E02 

139 

NVI 

A.02H 

0069  320000 

E 

140 

STA 

GETav 

000CFB 

141 

El 

0000  C9 

142 

RET 

143  ( 

woe  cFKWW 

E 

144  ROn: 

LHLD 

RIM>UT 

0091  EB 

145 

XCHG 

0B92  211E2O 

146 

LXI 

I1201EH 

0095  73 

147 

NOV 

KE 

0096  23 

148 

INX 

H 

0097  TA 

149 

NOV 

dD 

0090  17 

150 

RAL 

0099  3F 

151 

CNC 

009A1F 

152 

RAR 

0096  77 

153 

NOV 

HA 

154  REJECT 

;SET  UP  TO  QRflB  NEXT  VSVNC 
.RESET  VSVNC  TRIGGEP 


.RESET  7  5.D»BLEe.5 


;  fO,E)  -  DflTfi  FROM  PORT 
;(aL>  -  HIMlTIflL  PDOKSS 


.flCC  GETS  H!  BYTE  Of  HINPJT 

iOmKCNT  USB  OF  HIlffUT 

;ST0RE  HI  BYTE  OF  HIWUT  IN  KTfiBLE 
;SEMD  GET  ELEVATION  SIGNd 
;  INDICATE  VERTICAL  DATA  NEXT 
iEMCLE  INTERUPTS 
iAND  RETWH  TO  LOOPl 

i  VERTICAL  WfUT  SESCMT 
;(D>E)  -  VERTICAL  DATA 
;(H,L)  -  YIHITIAL  ADOPESS 
;STORE  LO  BYTE  OF  VINPUT 
;  POINT  TOfCXT  LOCATION 


/OmWCHT  USB  OF  VINPUT 

(STORE  HI  BYTE  IN  VTABLE 
;  INDICATE  ROLL  DATA  NEXT 
(REOUEST  ROLL  OATH  FROH  PHT 
(ENABLE  INTERUPTS 
(RETURN  TO  LOOP  11 

(ROLL  IlfUT  SECTION 
((D.E)  GETS  ROa  DATA 
( (liL>  CONTAINS  STORAGE  ADDRESS 
(STORE  LO-BYTE  OF  ROa 
(POINT  TO  HEN.  201F 


(COHPLIKNT  HSB  OF  RWUT 
(STORE  HI-BVTE  OF  RIWW 
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NAVTRAEQUIPCEN  IH-338 


ISlS-n  80fl0<W5  HflCW  ftSSEHBLO!..  W,  0 


LPSEV 


LOC  OW  LHC  SOUKtSTflTWEHT 


155  i  CflLOJLftTE  SHIFT  VfiLUES  IVERTlCft.  flfO  HCRiaXHflL  0H.V) 


15S. 


E 

157 

IHJD 

VIMITL 

MSF  ES 

158 

m 

MHO 

c 

159 

LHLD 

VFIMflL 

8810  2B 

160 

OCX 

H 

MMGDF7W 

c 

1£1 

CHJL 

VSHin 

8W7  F5 

182 

PUSH 

PSU 

163  ■ 

MHD  41  WWW 

£ 

164 

LHLO 

HINITL 

eew  £B 

165 

XCHG 

MM 

V9I1U  4IWMW 

E 

166 

WINflL 

eWF  26! 

167 

OCX 

H 

tmcarni 

C 

166 

cat 

HSHIFT 

MBS  FIS 

169 

PUSH 

PSH 

170  i 

6864  3E8e 

171 

mi 

fLOeH 

686$  SB 

172 

SIM 

173  i 

88BPF1 

174 

POP 

PSH 

BBMFB 

175 

El 

176  , 

B8B9  M 

177LOOP2: 

MOP 

Been  320506 

170 

STft 

8M5H 

0860  60 

179 

HOP 

0868  M 

IM 

MOP 

BBBFC^ 

c 

161 

Jff 

LOOP2 

i 

102  ) 

1 

103  OUTPUT: 

! 

104  i 

0eC2El 

185 

POP 

H 

0003  328660 

£ 

166 

STfl 

WflC 

187  ; 

eecGFi 

188 

POP 

PSH 

00C7S20eM 

E 

189 

STfl 

VOflC 

190i£JECT 

WIKTS  TO  VlNITIflL  flCCRESS 
,  <aL>  POINTS  TO  VHCfiOFlNflL 

iCfiLOlflU  VSHIFT  VflLIC 
iSflVt  VSHIFT  IH  Sir 


.(O.E)  -  HIWTIPL  flOOPESS 
;(aL>  “  H  WRO  FlHft  flOWESS 

;CTLCULflTE  HSHIFT  VftLUE 
iHSHlFT  TO  STT 


■Omi  ?  5  INTEFOPT  <y5WC> 

;flCC  CONTfilNS  HSHIFT 
;E)«LE  INTEPtJPTS 

> - LOOP  il  - 

;l»tCftTE  RE»V  FOR  OOTPOT 
i  WIT  FOR  VBITICflL  SVNC 
;T>CH  00  TO  OUTPUT  SEGHENT 


;  OUTPUT  SEGMENT  FOR  SVNC  vaiCS 

iREfW;  7  5  RETURN  flOORESS 
;HSHIFT  MOVED  TO  HWC 

;flCC  CONTRINS  VSHIFT 
iVSHIFT  MOVED  TO  VWC 


MAYTRAEQUIPCEM  IH-338 


ISIS-II  9mm5  HflCRO  feSEHBLER,  V3  e  LPREV 


LOC  OBJ 

LINE 

SOURCE  ST8TENENT 

191  ROTRTE 

,SET  UP  FOP  fe-T  CVCLE. 

eecfl  3Reeee 

E 

192 

LD8 

HINITL 

eeco  47 

193 

HOV 

6,8 

,B  GETS  HIHITI8L  flOORESS  <LO) 

4IIUWU 

E 

194 

LKO 

HSPC 

eeDi  EB 

195 

XCHG 

.■'0,E'  GETS  HSOURCE  SOORESE 

«D2  280000 

E 

196 

LHLO 

HFINRL 

,<H,L>  GETS  tfINRL  8D0RESS 

0005  000000 

E 

197 

CfU 

FIFO 

,  ROTRTE  HT8BLE 

198  i 

0008  380000 

E 

199 

LC8 

VINITL 

0006  47 

208 

HOV 

6,8 

;B  GETS  VINITIRL  800fiE£S  'LO' 

Wv 

E 

201 

LHLO 

VSRC 

06OF  EB 

202 

XCHG 

i^0,E)  GETS  VS0I.PCE  flOORESS 

inww 

E 

283 

LHLO 

VFIN8L 

i  (H,L)  GETS  VFINflL  flOORESS 

00E3  CO0008 

E 

204 

CflLL 

FIFO 

;  ROTATE  VTflBLE 

205  > 

206  i 

0BE6  320000 

E 

207 

ST8 

RSTSP 

,  RESET  SERIAL  TO  PARALLEL  INTERFftCE 

208  > 

00E9  3E0O 

209 

HVI 

8,0DH 

00EB  30 

210 

SIH 

;ENfl6LE  6.5  INTERRUPT 

00EC00  . 

2U 

NOP 

00ED00 

212 

HOP 

0BEE  00 

213 

NOP 

00EF  00 

a4 

NOP 

00F8  00 

215 

NOP 

00F1  00 

216 

NOP 

00F2  00 

217 

NOP 

00F3  3E80 

a8 

HVI 

8,00H 

i  WICRTE  HORIZONTAL  NEXT 

219  ; 

00F5  F6 

220 

El 

iENflBLE  INTERUPTS 

1  00FS  C9 

221 

RET 

jRETURH  TO  LOOPl  VIA  6.5  RETIJRH 

222  i 

223  ITITLE  <'  VSHIFT  ') 

224  4EJECT 
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MAVTRAEQUIPCEN  IH-338 


ISIS-II  8868/^  HFCRO  ftSSEHBLER,  V3  0  IP8EV 

VSHIFT 


LOC  OBJ 


LINE  SOURCE  STflTEHENT 
225  i 

228  i 

227  i 

229  i  ♦  • 

238  i  *  VSHin  ♦ 

231  ;  *  • 

233  i 

234  i  nOOIFIED  FOR  LASER  PROJECTOR  JULV  2  1931 

235  ; 

238  i  VSHIFT  IS  USED  TO  CALCULATE  THE  VERTICa  SHIH  VALUE  TO  BE  SENT  TO  TIC  VERTICAL  DAC 

237  ; 

238  i  VSHIFT  =  VCENTER  -  VOFFSET 

239  i 

248  i  VOFFSET  =  VDIFF  ♦-  H  ♦  (VDIFF/16> 

241  i  - 

242  i  32 

243  > 

244  ; 

245  i  VSHIFT  USES  SUBROUTINES  :  TBSUB.  STORED  DIV32,  DIV18.  ADJUST,  NRK 
248  I 

247  i 

248  ;  INPUTS; 

249  ;  <D.E)  CONTAINS  THE  ADCRESSS  OF  V  WORD  8; 

258  i  <H,L)  CONTAINS  THE  ADDRESS  OF  V  UORD  FINAL 

251 ;  BOTH  MORDS  ARE  TNO  BVTE 

252  ; 

253  ;  VCENTER,  VHAX.  AM)  VCOKIRX  MUST  BE  IN  THEIR  PROPER  LOCATION  IN  RAH 

254  ; 

255  ;OUTPUT5; 

258  ;  HVDIF  AT  SCRCHl  <  VDIFF  ♦-  VCOKIROLtVDIF/ie  ) 

257  ;  HOFFSET  AT  SCRCH2  (  NVDI^732  ) 

258  ;  THE  SIGN  OF  NVDIFF, VOFFSET  IS  STORED  AT  <H,L)  *  2 

259  ; .  VSHIFT  IS  IN  T«  ACt  AND  AT  (HD  t  3 
268  ; 

281  lEJECT 
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NAVTRAEQUIPCEN  IH-338 

SUBROUTINE  VSHIFT 


SUBTRACT  1 
VOFFSET  FROM 
VCENTER  I 


ADD 

VOFFSET 
TO  VCENTER 


MAVTRAEQUIPCEM  lH-338 


ISIS-U  USOW  ftSSORBR-  V3. » 

vsHin 

UK  OBJ  t-IK  SOWCE  S7ftT0€HT 


00F7E5 

mooem 
«nBCoeo88 
earc  006900 

6101  3(10000 
016(006900 

8107  006000 

6106  3M000 
6100  006006 

6119  360006 
ttl3  (f 
6U4E1 
0113  23 
6110  23 
0U7  7E 
0U0FE09 
0116  002281 


262  i 

263  i 

264 

265VSH1FT; 

266 


6110  79 
011E00 
61iFC32461 


6122  79 
0123  96 


0124  23 
6125  77 

8126  09 


H 

2g7  mx  TBS* 

268  com  STORE! 

269  OflUL  0IV16 

270  i  ^ 

2?i  LOO  VCQNTR 

272  COLL  0OWST 

^  ’  COLL  01V32 

276  LOO  VOPK 

27?  con  «« 

278  i 

279  no  VCEMTR 

260  «V  0.0 

201  W  H 

282  W  W 

2»  W  H 

284  WN  AO 

285  CPl  00H 

20g  J2  WHU5 

287  > 

288  i 

289  ilF  SIGH  IS  NOT  ZERO  ««» 
296  i 

291  PLUS: 

292  OW  AC 

293  ODO  6 

294  JHP  FWISH  I 

295  ;  i 

296  WNUS;  ^  j 

297  HW  AC 

290  SUB  0 

299  i 

386  FINISH: 

381  W  « 

362  HCW  Aft 

383  > 

384  KT 

385  ; 

386  ; 

387  ITITIE  ('  HSHIFT  ') 

380  «->ECT 


VCQNTR 

»WST 


AC 

B 

FIHISH 


,SfNi  (AL)-y  HO®  Tm  flOOOESS 
iFINDVOIFF 

i  STORE  'i1>IF7  NT  SCRflTCHl 
,V0IfF/l€ 

iftCC  SETS  vwrwL 
iMVOIFFsVOIF  ♦-  N*(VO!FF/lo> 

iVOFFSET  *  fM)IFF/32 

iflCC  GETS  HRXMW  Of^SH 
;  CHECK  FOP  NRKWJH  SHIFT  Vftl* 

;C  GETS  VOEHTER  VdlE 
jVWROFIHOLODOfiESS  OFF  STK 

i(H,L>  POINTS  TO  SIGN  fiOORESS 

;(CCG£7S  SlWe-POS  ,1*«6.> 

;C«fflRE  SIGH  HITH  7B® 

;  IF  SIGN  IS  POSITIVE  SISTROCT 

V0FFSE7  FROH  VCENTBt 

<FtU5.mHU5,»©  FINISH  IW  USED  W  VSHIH  fH>  HEHIFT) 


jflCC  (£TS  CENTER  VPLIK 
iflOO  OFFSET  TO  CENTER 
i  FINISH  UP  SUBROUTINE 

jftCC  GETS  CENTER  VdUE 

iSUBTROCT  OFFSET  FROH  CENTER 

i POINT  POST  SIGH  OF  OIFF 
; STORE  SHIFT  VflLUE 


i  RETURN  TO  CPLLING  FROGPOH 
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NAVTRAEQUIPCEN  IH.338 


ISIS-II  8888/^  HRCRO  f6SEnGL£R,  V3. 8  LP8EV 

HSHIFT 

LOC  OBJ  LINE  SOURCE  STflTEHENT 

389  ; 

318  ; 

311  i 

312  ; 

314  i  »  ♦ 

315  i  •  HSHIFT  • 

316  ,  ♦  • 

317  ;  4M************** 

318  ; 

319  ;  HOOIFIEO  FOR  LftS»  PROJECTOR  JULV  2  1981 
328  i 

321  i 

322  ;  HSHIR  IS  USED  TO  CflLCULftTE  THE  HORIZONTAL  SHIFT  VALUE  TO  BE  SENT  TO  THE  HDftC 

323  i 

324  i  HSHIFT  =  HCENTER  -  HOFFSET 

325  ; 

326  i  HOFFSET  »  HDIFF  ♦-  N  •  (WIFF/^) 

327  i  - 

328  i  32 

329  ; 

338  ) 

■  331;  HSHIFT  OSES  SUBROUTINES:  TBSUB,DIV32. DIV16,ST0Ra ADJUST, HfiX. PLUS. HIMJS,  FINISH 

332  ; 

333  ;  INPUTS: 

334  ;  (0,E)-  CONTAINS  THE  ADDRESS  OF  H  WORD  8 

335;  (H,L)- CONTAINS  THE  ADDRESS  OF  H  HORD  FINAL 

336  ;  BOTH  WORDS  ARE  2-BVTE 

337  ; 

338  ;  HCENTER,HHRX,  (H>  HCONTROL  NUST  BE  IN  THEIR  PROPER  LOCATION  IN  RAH 

339;  -  . - . - _ _ 

348  ;OUTPUTS: 

341  ;  NHDIFF  AT  SCRCHl  (HDIF  +-  HC0NTR0L*HDIF/16) 

342  ;  HOFSET  AT  SCRCH2  (  IH)IF/32  ) 

343  ;  THE  SIGN  OF  HOFFSET,WIF  IS  STORED  AT  (H,L)  ♦  2 

344  ;  HSHIFT  IS  IN  THE  ACCUMULATOR  AND  AT  (H,L>  ♦  3 

345  ; 

346  lEJECT 


/ 


MAVTRAEQUIPCEN  IH-338 


SUBROUTINE  HSHIFT 


NAVTRAEQUIPCEN  IH-338 


ISIS-1 1  8080/'8085  MflCRO  flSSEMBLEft,  V3  0  LPREV 

HSHIFT 


LOC  OBJ  LINE  SaiRCE  STfiTEHENT 


347  ; 

348  ; 

349 

350  HSHIFT 

CSEG 

0127  E5 

351 

PtJSH 

H 

.  ^'H,  L)  S0VEE'  IN  STK 

0128  000900 

E 

352 

O0LL 

TESUe 

.O0LOUL0TE  HDIFF 

012B  coeeee 

E 

353 

O0LL 

STOREl 

•STORE  HOIFF  RT  SCPRTCNl 

354  i 

012E  CO0^ 

E 

355 

O0LL 

DIV16 

;H0IFF/16 

356  , 

0131  308080 

E 

357 

LD0 

HOONTR 

,000  GETS  HOONTROL  VfiLUE 

0134  000080 

E 

358 

O0LL 

HOJLIST 

,  »CIFF=H0IFF+-M*<H0IFF/16) 

359  , 

0137  000000 

E 

360 

O0LL 

0IV32 

;HOFF£E.  =  («»IFF,<J2 

361  , 

0130  300800 

E 

362 

LD0 

HM0X 

;0OC  GETS  MRXIMUH  H  SHIFT  VRLUE 

0130  00^ 

E 

363 

O0LL 

m 

;OETERHINE  IF  MRX  IS  RE0CHEO 

364  i 

LE0VE  HOFFSET  IN  B  REGISTER 

0140  300000 

E 

365 

LO0 

HCENTR 

0143  4F 

366 

MOV 

0,0 

;C  GETS  H  CENTER  VRLUE 

0144  El 

367 

POP 

H 

;H  HOROFINflL  ROORESS  OFF  STK 

0145  23 

368 

INX 

H 

0146  23 

369 

INX 

H 

;(H,L)  POINTS  TO  H  SIOI  LOCRTION 

0147  7E 

370 

MOV 

0,N 

;RCC  GETS  SIGN  VRLUE  (B-PCS,  1-NEG) 

0148  FE00 

371 

OPI 

00H 

;COMPRRE  SIGN  WITH  ZERO 

0140  002201 

0 

372 

J2 

MINUS 

;  IF  Sia  IS  POSITIVE  SUBTRRCT 

373  i 

VI0  MINUS  THEN  FINISH  SUBROUTINE 

374  i 

375  ; 

IF  SIGN  IS  POSITIVE  000  HOENTER  TO  HOFFSET 

376  ; 

0140  031001 

C 

377 

378  i 

379  tEJEOT 

JHP 

PLUS 

;RDO  THEN  FINISH  SUBROUTINE 
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MAVTRAEQUIPCEM  IH-338 


ISIS-II  8flee/8885  XflCRO  flSSEWtlR-  V3  B  LPREV 

HSHIFT 

LOC  OBJ  LI»C  SOURCE  STflTEJWT 

380  END 

PUBLIC  SV»«XS 


EXTERNRL  SVNBQLS 
ADJUST  E  0000 
HCONTNE  0000 
KZERO  E  0000 
RST65fl  £  0000 
STOREl  E  0000 
VFINnLE0O00 


DIVIO  £  0000 
WXC  £  0000 
INPUTS  E  0000 
RST750  E  0000 
TBRDO  £  0000 
VINITL  E  0000 


D1V32  £  0000 
triHRL  E  6000 
NRX  E  0000 
RST75E  E  0000 
TBLSET  E  0000 
VIHPUT  £  0000 


FIFO  E  0000 
HINITL  E  6600 
»CSS  £  0000 
RSTSP  E  0000 
TB9J6  £  0000 
VNfK  £  0000 


FIRST  E  0000 
HlfPl'T  E  0000 
REGOUT  E  0000 
SCRCHl  E  0000 
VCEMTR  E  0000 
VSRC  E  0000 


QETaV  E  0000 

HCEHTP 

E  0000 

E  0000 

HSRC 

E  0000 

RINPUT  E  0000 

R^E58 

E  0000 

SCRCH2  E  0000 

STK 

E  0000 

VCONTR  E  0006 

VDAC 

E  me 

VSVNC  E  0000 

VZERO 

E  0000 

U5ERSVNB0LS 
ADJUST  E  0000 
HCENTR  E  0000 
HORIZ  C00O4 
LPREV  C  0000 
REGOUTEOBOe 
RST750  E  0000 
TBADO  E0OO8 
VFINAL  E  0000 
VZERO  E  000O 


DIVIO  £  0000 
HCOKTR  E  0000 
HSHIFT  C  0127 
NAK  E  0000 
RIff>UTE  6000 
RST75EE  0000 
TBLSETE  0000 
VINITL  E  0000 


0IV22  £  0000 
H)K  EO0O0 
HSRC  E  0800 
NESS  E  0000 
Roa  C  008E 
RSTSP  E  0000 
TBSliB  £  0000 
VINPUT  E  0000 


FIFO  E  0000 
HFINAL  E  0000 
HZERO  E  0000 
niHUS  C0i22 
ROTATE  C  00CA 
SCRCm  E  0000 
VCENTRE  0000 
VWX  E  0000 


FINISH  C  6124 
HINITL  E  0000 
IfWTS  E  0000 
HNSEG  C  0054 
R2T  C  005E 
SCRCH2  E  0000 
VCONTR  E  0000 
VSHiFT  C  0eF7 


FIRST  E  0000 
HHfUT  E  0000 
LOOPl  C  004E 
OUTPUT  C  0eC2 
RST658  E  0006 
STK  E  0000 
VDflC  E  0000 
VSRC  E  0000 


GETELV  E  0000 
HNAK  E  0000 
L0CP2  C00SS 
PLUS  C  011D 
RST65A  E  0000 
STOREl  E  0000 
VERT  C  007? 
VSVHC  E  0000 


HSSENBLV  COffLETE,  NO  ERRORS 
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MAVTRAEQUIPCEM  IH-338 


isis-ii  9mm5  HRCfio  nssEKLER.  VI  e  sues 

ADJUST 

LOC  OBJ  LIME  SOURCE  STATEMENT 


373 

374 

375 

376 

377 

378 

379 
38B 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 


«  * 

*  ADJUST  • 

«  * 


THIS  SUBROUTINE  EVALUATES  THE  HATHEMATICd  E)iPPESSION 
2  =  X  ♦  <  H  *  V  ^ 

WHERE  X  AND  V  ARE  TWO  BVTE  WORDS  STORED  AT  RAM  LOCATIONS  SCRATCH!  AND 
SCRATCH2,  RESPECTIVLV  N  IS  A  VARIABLE  WHICH  IS  PASSED  TO  THE 
SUBRCJTINE  IN  THE  ACCUMULATOR  ;  M  HRS  AM  ALLOMRBLE  RANGE  OF  ♦-  31 
WITH  THE  SIGN  WICATED  BV  THE  MSB  (#7)  OF  THE  ACC.  SCT  TO  8  FOR 
POSITIVE  OR  I  FOR  NECATIVE 

THE  RESULT  2  IS  STORED  AT  THE  ORIGINAL  LOCATION  OF  X  (SCRATCH  D 


INPUTS: 

ACC  CONTAINS  THE  VARIABLE  WORD  N 

MSB  -XX . LS8  -N 

7  6  5  4  3  2  1  0  BIT  • 

S  (-RANGE-)  *  31 

I 

G 

N  C  IF  BITf7  =  0,  N  IS  POSITIVE] 
t  IF  BITI7  *  1,  N  IS  NEGATIVE] 

**  BITS  €  AND  5  ARE  NOT  tJSQK  AM)  VALUE  IFHEX  DROPS  THEM  • 

X  IS  CONTAINS)  IN  RAM  LOCATIONS  SCRATCH!.  SCRATCH!  ♦  1 

V  IS  CONTAINED  IN  RAH  LOCATIONS  SPCATCH2,  SCRRTCH2  ♦  1 


NAVTRAEQUIPCEN  lH-338 

ADJUST 


RESULT  =  SCRATCH1  +  N  *  SCRATCH2 
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NAVTRAEQUIPCEM  IH-338 


ISIS-II  8888/^  nfiCPO  ASSEMBLER,  VI  8  SIBS 

ADJUST 


LOC  OBJ 

LI)C  SiDURCE 

STATEMENT 

414 

CSEG 

415  AODJST 

888A  U0888 

E 

416 

LXI 

&.SCPCH1 

8880  218880 

E 

417 

LXI 

HSCPOC 

4i8  i 

0898  17 

419 

RAL 

8091  OAACee 

C 

428 

JC 

NEG 

421  ■ 

422  POS 

889*  8F 

423 

RPC 

8095  E61F 

424 

ANl 

IFH 

8897  C8 

425 

R2 

I' 

8890  F5 

426 

PUSH 

PSk  1 

427  »1USV 

1 

1 

8899  CO6F80 

c 

428 

CALL 

xeaDO  1 

1 

089C  006288 

c 

429 

CAa 

STCREl  i 

1 

809F  FI 

438 

POP 

PSH 

BOAS  20 

431 

OCR 

A 

8eRl  C8 

432 

R2 

! 

0eA2  F5 

433 

PUSH 

PSH  i 

8803  118888 

E 

424 

LXI 

D-sam 

mn9  cjkwKw 

E 

435 

LXI 

H.SCROQ 

09A9C3998e 

C 

436 

JHP 

XPLUSV 

! 

437  ; 

438  NEC 

88AC8F 

439 

RRC 

eOAD  E61F 

448 

ANI 

IFH  ! 

88AF  C8 

441 

R2 

eeeeF5 

442 

PUSH 

PSH 

443  JmiSV: 

8861003208 

c 

444 

CALL 

TBSUB 

8864  006288 

c 

445 

CALL 

STGREl 

0867  FI 

446 

POP 

PSH 

8868  30 

447 

OCR 

A 

8869  C8 

448 

R2 

8860  F5 

449 

PUSH 

PSH 

8866  118888 

E 

458 

LXI 

0,SCRCHI 

eeec  2ieee8 

E 

451 

LXI 

H.SCRCH2 

eeci  C38iee 

C 

452 

JM» 

XJHJSV 

453  ; 

454  fTITLE 

('TABLED') 

455  lEJECT 

;^D.E>  CONTAIN  AMPESS  OF  X 

contain  adcpess  of  v 

ROTATE  BIT  7  TO  CAPR-V  POSITION 
. IF  CAPRV  IS  SET.  N  IS  *CGATIVE 


.RESTORE  ACCUHLIATOP 

.REMOVE  BITS  7,S,5  ‘SET  RANGE  TO  '-i' 

.RETURN  IF  N  =  8 

.SAVE  COUNTER  <  1  > 

,  2  =  X*V 

;X  »  2  <  2  IS  STORED  AT  X  S  ADDRESS* 

i  I  »  I  -  1  *:0FCREI€MT  COUNTER  * 
.RETURN  IF  COUiriP  =  0 
i  IF  COUNTER  >  8.  THEN 
>RaOAD  X  AM)  Y  ADDRESSES 

,RDO  V  TO  X  fWTIM 


.RESTORE  ACOIfJLATOR 
i  remove  BITS  7.6,5  (SET  RANGE  TO  21) 
jRETURH  IF  N  =  0 
iSAVE  COUNTER  (D 

>  2  =  X  -  Y 

iX  »  2  (  2  IS  STORED  AT  X'S  ADDRESS) 

i  I  T  1  -  I  (  DECREMENT  COUNTER  ) 
^RETURN  IF  CJUNTER  *  8 
i  IF  COUNTER  >0.  TI€N 
iRELOAD  X  AND  Y  ADDRESSES 

;  SUBTRACT  V  FROM  X  AGAIN 
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NAVTRAEQUIPCEN  IH-338 


ffim  FI  nmiv  sfc  dqug  nooes 


isis-n  MM/oew  mso  KsoaERi  vi  • 


Loc  au 


IIW  SttUCE  STflTBCKT 


1  • 

2  . 

2 

4  . 

5  . 

.(• 

7  . 

8  . 

9  . 

18  i 

U  . 

U  > 

U  > 

14  . 

13  > 

U  • 

17  i 

18  i 

19  i 

28  > 

21  > 

22. 

23  . 

24  . 

29  i 

26  i 

27  . 

28  . 

29  i 

38  ■ 

31  i 

32  i 

33  i 

34  > 

39  > 

38  i 

37  i 

38  ^ 

39  , 

48  i 

410aAV 

42  COUNT 

43  mSK 
44QOSTO 
43  8EG1N 
48; 

67  i 
48. 

49 
98; 

91  niTLE 
32IEJECT 


MK  mre 


«m«M*****««**M 


THIS  FTOtWH  IS  OeSIOCD  TO  TEST  TTC  POUCHUS  HEW  TPHOEI*  9«-II!-fi  IN  CONJIKTION 
HITH  fM  IHTEPFRCE  BOWD  TH8T  CONVERTS  TW  PHT'S  SEPIPL  DftTfi  TO  PflRflLLa  OflTft 

THE  PWOWN  IMITItUV  RESETS  THE  S.1>  B0P».  WICH  OWES  «  REffltST  FOR  POUOW 
TO  CUCULfl’E  8  ICH  SET  OF  OfiTR  .  TICN  8  LOOP  IS  ENCOUflEREO  18CRE  HC  PROSRftH 
mbits  for  8  08T8  PEflW  SIOHflL  (8  9  INTEPUPT'  MEN  D8T8  REPOV  IS  SENT  ,  H€  tCXT 
PBRT  OF  THE  PROORRN  STORES  8  HORO  OF  08T8  TIC  MORO  STORED  DEPEWS  ON  TIC  VMI 
STORED  IN  THE  C-RECISTER 

88H  •  HORIZONTa  08T8  <  8ZIHUTH  > 

81N  •  VCRTICa  08T8  (  ELEVATION  ) 

82H  -  ROIL  DATA 

THIS  STORAGE  CONTINUES  UNTIL  TOE  RfW  USED  FOR  STORAGE  IS  FILLED  (RAN  29WH  -  28fFH  > 
SINCE  EACH  PHT  MOfiP  IS  TWHVTE  DC  PROORPH  STORES  128  VALUES  CF  DATA  AFTER  IK  VALUES 
KE  STORED  DC  PROGRHH  DROPS  OUT  OF  DC  STORE  NODE  A»  INTO  DC  NON-STORE  IWf 
IN  THIS  NODE  .  DC  SRK  TYPE  OF  DATA,  AS  WICATED  BV  DC  C-PEGISTER.  IS  PIUED  ONTO  DC 
WWT  PORTS  BUT  IS  NOT  STORED  HCN  THIS  DATA  IS  ON  DC  PORT  ,  DC  BIT  PATTERN  CAN  EE 
RE«  FRON  LED'S  OH  DC  S/T  BOARD  IN  ORDER  TO  SEE  THESE  BIT  PffTTERNS  ,  A  DELAY  LOOP  IS 
entered  TO  HAIT  BEFORE  PUUING  IN  HEM  DATA-  AaOHING  THE  DATA  TO  BE  OH  DC 
PORT  LONG  ENOUGH  TO  CAUSE  DC  LED'S  TO  RENAIN  LIGHTED  AW  TO  AaOH  0«  TO  SEE  DC 
BIT  PATTERN 


OEFIIC  CONSTANTS 

ECU  89F1N 

ESU  2888N 

EOU  IDH 

EflU  8FFH 

EOU  26888 

DEFIIC  EXTERNAL  VALUES 


;AtCR£SS  OF  HONITOR  DELAY  POUTIIC 
;  DELAY  COUNT  VALUE  (APPRX  SEC  ) 
;  SIN  NASX  VALUE 
iO»  OF  STORAGE  VALUE 
;  BEGINNING  OF  STORAGE 


EXDW  RST83e,RST8SA,HIWOT.QETaV,RSTSP.SDO  FIRST 


I'PHTNRP') 


/  ' 


NAVTRAEQUIPCEM  lH-338 


PHTMAP 


IDENTIFY 
1st  STORAGE 
ADDRESS 


•  •  -WAIT  FOR  6.5  INTERUPT 
(PHT  ‘DATA  READY’) 


•-NOTE 

TO  SELECT  ONE  OF  THE  THREE  ANGLES  (YAW,  PITCH,  ROLL),  A  CONSTANT 
MUST  BE  LOADED  INTO  REGISTER  C  BEFORE  RUNNING  PHTMAP  INDICATING 
THE  ANGLE  DESIRED  ACCORDING  TO: 

OOHEX  •  YAW  DATA 
01  HEX  •  PITCH  DATA 
03HEX  •  ROLL  DATA 
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MAVTRAEQUIPCEN  IH-338 

PHTMAP  CONT. 


NOSTOR 


NOP  I  •• -WAIT FOR  6.5 INTERUPT 
LOOP  #2  I  (PHT  ‘DATA  READY’) 


-WAIT  TO  ALLOW 
VIEWING  OF  DATA 
ON  LED’S 


MAVTRAEQUIPCEM  IH-338 


ISIS-II  8880/8865  HftCRO  (BSEWLER,  V2  8 
PHTtffP 


LX  GBJ  LINE  SOURCE  STATEiCNT 


53 

CSEG 

54  PHIWP 

8888  F3 

55 

DI 

.OIRGLE  INTERUPTS 

8881  316888 

E 

56 

LXI 

SP.STX 

iSr  STACK  POINTEO 

57  i 

8884  328886 

E 

58 

STB 

Rsrg* 

;I!£SCT  SERIAL  TO  FflRRLLEL  E08R0 

59  i 

8887  8688 

68 

HVI 

B.8eH 

INITIALIZE  COUNTER  (E>  TC  ZERO 

blvvOw 

E 

61  > 

62 

LXI 

H,  FIRST 

,'H  L'  CONTAINS  01,  JNP  INSTRUCTIONS 

OA^  <MQOQA 

E 

63 

SHLD 

RST658 

STORE  1ST  RAPT  OF  6  5  INSTP 

6eeF  212888 

C 

64 

LXI 

H.J8D01 

.(H  L>  CONTAINS  ADDRESS  FOP  JUHP 

8812  228888 

E 

65 

910 

RST65A 

.STORE  €  5  Jllf  ADDRESS 

8815  U8828 

66  » 

67 

LXI 

0. BEGIN 

.(D,E'  CONTAINS  1ST  STCP«£  LOCATION 

68  > 

69  MOPl; 

LOOP  11  »•* 

78 

8818  88 

71 

NOP 

8619  3E1D 

72 

NVI 

8.N8SX 

.IWHASK  6  5  INTEPtJPT 

861B  38 

73 

SIN 

881C  FB 

74 

El 

.ENABLE  INTERUPTS 

881D  €31888 

C 

75 

JNP 

NOPl 

♦*  NAIT  FOR  6. 5  IHTEFUPT  ♦* 

76  > 

77  J8D01: 

E 

78 

LHLO 

NINPUT 

<H,L)  GETS  INPUT  <P)JLL£  DOWN  6.5) 

8823  78 

79 

NOV 

8,8 

8824  89 

88 

CHP 

C 

DOES  8  »  C  ’ 

8825  0)2788 

C 

81 

JZ 

STORE 

•IF  EQUAL,  STORE  INPUT 

8828  328888 

E 

82  • 

83 

ST8 

OETaV 

IF  NOT  EQUflL,  REQUEST  ttXT  HORD  OF  DATA 

8828  0681 

84 

801 

81H 

THEN  .  ADO  1  TO  COlWTEP 

882D  47 

85 

NOV 

8.8 

AND 

682EC9 

86 

RET 

RETURN  TO  NOPl  LOOP 

87  < 

88  STORE: 

882F  EB 

89 

XCHG 

(D  E)  CONTAINS  INPUT  ;  (H,L)  CONTAINS 

98  > 

ICHORV  ADDRESS 

8838  73 

91 

NOV 

H,E 

STORE  L0-8VTE  OF  INPUT 

8831  23 

92 

INK 

N 

HEN  «  HEN  ♦  1 

93  i 

6832  78 

94 

NOV 

8,0 

ACC  GETS  HI-BVTE  OF  IffUT 

8833  17 

95 

R8L 

8834  3F 

96 

CNC 

8835  IF 

97 

R8R 

CONPLINENT  HSB  OF  INPUT 

8836  77 

98 

NOV 

H,8 

AND  STORE  IN  MEHORV 

99  - 

8837  3EFF 

•88 

HVI 

R,EWSTO 

CHECK  FOR  E»  OF  STORAGE 

8839  80 

181 

Of 

L 

DOES  REG  L  EQUAL  END  ? 

8838  CA4588 

C 

182 

JZ 

N05T0R 

IF  EQUAL.  GO  TO  NOSTORE  NODE 

183  4EJECT 

54 


1 


I 

f 


MAYTRAEQUIPCEH  IH-338 


ISIS-II  9080/8085  NfCRO  fl5SE«LER.  V3  8  PHTW 

PHTIW 


LOC  OBJ 

Lire 

SOURCE  STfITEMEHT 

104  > 

803D23 

105 

m 

H 

OOTEEB 

106 

XCHG 

107  i 

083F  320O8B  E 

108 

STfl 

RSTSP 

109  > 

8042  8608 

110 

HVl 

e-eeH 

8044  G9 

111 

RET 

112  i 

113  NOSTOR: 

8045  80 

114 

NOP 

8046  215088  C 

115 

m 

M.JflD02 

8049  228808  E 

U6 

SMLO 

RST65ft 

U7  ; 

004Cei 

U8 

POP 

H 

119  i 

0040  0600 

120 

MVI 

B.e0H 

121  > 

0e4F  320000  E 

122 

STfl 

RSTSP 

123  / 

124M0P2. 

8052  00 

125 

NOP 

0853  3E10 

126 

WI 

HHRSK 

0855  30 

127 

SIM 

0056  FB 

128 

et 

0057  C352O8  C 

129 

JMP 

N0P2 

138  ; 


8058208008  € 

885D  78 
0O5EB9 

8e5F  CRSsee  c 

0O£2  32e0ee  E 

8885  C881 
8067  47 
8868  C8 


8869  110828 
eO6Ca)F105 

e06F  320808 

0872  8608 
0874  C9 


131  J0DO2 

132 

133 

134 

135 

136  j 

137 

138 

139 
148 

141  ; 

142  MPLW. 

143 

144 

145  i 
E  146 

147  i 

148 

149 

150  ) 

151  lEJECT 


LHLD 

HINPUT 

MOV 

R>e 

CTP 

C 

JZ 

OSPLflV 

STfl 

GETELV 

flOl 

eiH 

MOV 

RET 

8.0 

LXl 

0,  COUNT 

CPU. 

OELflV 

STfl 

RSTSP 

NVt 

e.0eH 

RET 

55 


IF  NOT  EOUflL  <  SET  UP  FOR  MORE  STORflGE) 

;MDi  =  tW  ♦  1 

;<D,E>  POINTS  TO  MEHQRV 

>  RESET  SSilPL  TO  PfSiflUiL  BOPRO 

reset  COUNTEF  TO  300 
;RET\*N  to  NOPl  LOOP 


i  (HL)  GETS  NEN  JUMP  f»0  FOR  6.  5 
;fH>  TNEN  IS  MOVED  TO  6  5  RESTART  fiPEfi 

;REMWE  NDPl  RETUPM  PMKSS 

;S£SET  COUNTER  TO  ZERO 

.RESET  SERin.  TO  PfiRftLEL  EOfiRD 

i  ***  LOOP  «  **• 


iUHWW  6.5  IWEPIPT 
IHTERUPTS 

i  ♦♦  HflIT  FOR  6  5  INTERUPT  ♦* 


;  (H,L)  GETS  INPUT  FROM  PMT 
.DOESB*C? 

;  IF  ECU0L,  HfilT  BEFORE  RESETTING 

;IF  NOT  EOU0L  REQUEST  «XT  HOPO  OF  DftTP 

ilNCREMEKT  COUNTER 

.AND  RETURN  TO  H0P2  -  LOOP  12 


i(D.E)  CCHI0INS  DELW  COUNT 
iHRIT  SPECIFIC  TIME  PERIOD 

;RESET  SERIPL  TO  PfWlliL  BOf«D 

;r£Set  counter 

.return  TO  N0P2  -  LOOP  12 


I 


/ 

/ 
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NAVTRAEQUIPCEN  IH.338 


ISIS'II  8080/^  nf)CRO  ASSEMBLER.  V3. 0  PHTNRP 

PHTHRP 

LOC  OBJ  LINE  SOURCE  STATEMENT 

152  END 


PUBLIC  SVnOLS 


EXTERNAL  SYMBOLS 


FIRST  6  0800 

GETELV  E  0000 

HINPUT  E 

RSTS58  E  0000 

RST65A  E  0000 

RSTSP 

E  0000 

STK  E  0000 

USER  SYMBOLS 

BEGIN  A  2800 

COUNT  A2OO0 

DELAY  A 

05F1 

DSPLAVC  0069 

ENDSTO  A  08FF 

FIRST 

E  0000 

GETELV  E  0000 

HINPUTE  0000 

JADM  COO20 

JADD2  C 

IkKA 

WjH 

MASK  A001D 

NOPl  C  0018 

N0P2 

C  0052 

NOSTOR  C  0045 

PHTHRP  C  0000 

RST658  E  0000 

RST65AC 

RSTSP  E  0000 

STK  E  0000 

STORE 

C  002F 

ASSEMBLY  COMPLETE.  NO  ERRORS 


!  • 
i 
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MAVTRAEQUIPCEN  IH-338 


ISIS-II  8880.^8085  HflCPO  flSSEHSLER,.  Vi  8  SUBS 

FIFO 

LCC  OBJ  LINE  SOI.IFCE  STftTEMEHT 

49i  ; 

494  : 

495  i  *m**«*****m>«««« 

49€  i  *  * 

497  i  *  FIFO  ♦ 

498  ;  *  ♦ 

499  j  Mi«««**«****«4M.M 

500  > 

501  ; 

502  i  THIS  SUBROUTINE  IS  USED  TO  SHIFT  ft  TftBLE  CONTAINING  DATA  WORDS  DOWN 

502  ;  IN  RAN  OVERWRITING  THE  LAST  WORD,  BUT  PRESERVINij  THE  FIRST  HWO 

.  504  i  THE  LENGTH  OF  THE  WORDS  INVOLVED  IS  CONSIDERED  IN  THE  INPUT  VALUES  THAT 

505  i  ARE  PASSED  TO  THRE  SUBROUTINE. 

506  i 

507  j  FOR  EXAMPLE  ,  CONSIDER  THIS  TABLE  CONTAINING  THREE  TWO-BVTE  WORDS; 

508  i 

509  i  AODRS  TABLE 

510  i  _  _ 

511  i  2000H  _  H0-LO  2000H _ H0H.O 

512  i  2001H  _  M0-H1  2001H _ H0-HI 

513  i  2002H _ Hl-LO  2002H _ H0-LO 

514  )  2003H  _  Hl-HI  2002H _  H0-HI 

515  .  2004H _ H2-L0  2004H -  Hl-LO 

516  }  2005H _ J  H2-HI  2005H - Hl-HI 

517  ; 

518  ;  BEFORE  AFTER 

519  i  FIFO  FIFO 

520  j 

521  i  (D.E)  SHOULD  CONTAIN  THE  ADDRESS  OF  Hl-HI  (2003H) 

522  i  <H,L)  SHOULD  CONTAIN  THE  ADDRESS  OF  H2-HI  <2005H) 

523  i  B  SHOULD  CONTAIN  THE  LO-SYTE  ADDRESS  OF  H0  (20808) 

524  ; 

525  i 

526  ;II*>UTS; 

527  ;  <D,E)  -  CONTAINS  THE  SOURCE  ADDRESS  (  HDD.  OF  HI-BVTE  OF  NEXT  TO  'JlSf  WORD) 

528  >  (HL)  -  CONTAINS  THE  ADDRESS  OF  THE  HI-BYTE  OF  THE  LAST  HORD  IN  THE  TAttx 

529  ;  B  -  CONTAINS  THE  ADDRESS  OF  THE  FIRST  TABLE  LOCATION 

530  ;  -  THIS  ROUTINE  CANNOT  SHIR  TABLES  THAT  CROSS  HI-BVTE  ADDRESS  BOIIDRIES. 

531  ; 

532  iOUTPUT; 

533  i  THE  DESCRIBED  TABLE  IS  SHIFTED. 

534  lEJEa 
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MAVTRAEQUIPCEM  lH-338 


FIFO 


(D,  E) 

B  **- 


SOURCE  ADDRESS 
DESTINATION  ADDRESS 
INITIAL  ADDRESS 


OUTPUT:  TABLE  IS  SHIFTED  DOWNWARDS  IN  RAM 

(NUMBER  OF  LOCATIONS  MOVED  IS 
IMPLIED  BY  DIFFERENCE  BETWEEN 
SOURCE  AND  DESTINATION  ADDRESSES) 
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NAVTRAEQUIPCEN  IH-338 


ISIS-II  8880/^  nflCRO  RSSEfBLER,  V3  6  SJBS 

FIFO 


La  OBJ  LINE  SOURCE  STATEMENT 


535  ; 

536 

537  FIFO: 

CSEG 

eecD  18 

538 

LDflX 

D 

•  LOAD  flCC  HITH  OflTfl  fiT  SOIKE  flOOPESS 

00CE  77 

539 

548  , 

MOV 

M,ft 

•  MOVE  SOURCE  WTfi  DOWN  TWO  POSITIONS 

80CF  78 

541 

MOV 

A,B 

,HOVE  flOO  OF  FIRST  HOPO  TO  ACC 

eeoe  68 

542 

CMP 

E 

•  flNO  COMPARE  HITH  SCH.PCE  flOORESS 

88D1  C8 

543 

544  , 

RZ 

i  RETURN  IF  FIRST  HORD  HfiS  BEEN  MOVED 

8602  IB 

545 

OCX 

0 

,  IF  MOPE  TO  SHIFT.  POINT  TO  NEXT  SCKJRCE 

80D3  2B 

546 

OCX 

H 

^flND  DESTINATION  AtE-PESS 

88D4  C2CD88 

C  547 

548  lEJECT 

JMP 

FIFO 

.THEN  SHIFT  NEXT  PIECE  Cf  DATA 
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NAVTRAEQUIPCEN  IH-338 


I5IS-II  8888/8085  MflCRO  ASSEMBLER,  V2  8  Sl.CS 

TABLE-SET 

LOG  OBJ  LINE  SOURCE  STATEiCNT 

456  i 

457  , 

458  i,4M************ 

459  ♦ 

468  ;  ♦  TBLSET  * 

461  i  *  * 

462  ;  t*************t** 

463  t 

464  ;  THIS  Sl.eROUTINE  IS  USED  TO  FILL  A  GROUP  OF  RAM  LOCATIONS  WITH  AN  INITIAL  VALUE 

465  i  HORO  WHICH  IS  THO-BVTES  LONG. 

466  , 

.  467  i  INPUTS 

468  i  (D,E)  -  CONTAINS  THE  INITIAL  VALUE 

469  i  <aL)  -  CONTAINS  THE  FIRST  ADDRESS  FOR  INITIALIZATION 

470  ;  ACC  -  LO-BVTE  OF  FINAL  ADDRESS  IN  THE  TABLE 

471  i  «  -  TABLE  CANNOT  EXTDD  ACROSS  THE  HI-BVTE  BaJNDRV 

472  i 

473  .iOUTPUT: 

474  ;  RAM  LOCATIONS  FROM  THE  FIRST  ADDRESS  TO  THE  FINAL  ADDRESS  ARE  FILLED 

475  i  WITH  THE  INITIAL  VALUE  IN  (D.E) 

476  ; 

477  ; 

478  CSEG 

479  TBLSET 


00C4  73 

488 

MOV 

H,E 

iMOVE  LO-BVTE  INITIAL  VALUE  TO  (H,L)  ADDRESS 

80C5  23 

461 

INX 

H 

;  INCREMENT  (H,L>  ADDRESS 

00C6  72 

482 

MOV 

M.D 

iMOVE  HI-BVTE  INITIAL  VALUE  TO  (H,L)  ADDRESS 

483  i 

0eC7  BO 

484 

CMP 

L 

iCHECK  FOR  END  OF  TABLE 

08C8  C8 

485 

RZ 

iRETURN  IF  AT  END  OF  TABLE 

486  ^ 

00C9  23 

487 

INX 

H 

ilF  NOT  AT  E«)  INCREMOfT  (H,L) 

OeCA  C3C480 

C  488 

JMP 

TBLSET 

i  INITIALIZE  NEXT  TW  BVTES 

489  ; 

•498  i 

491  rriTLE  ('FIFO') 

492  lEJECT 
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NAVTRAEQUIPCEM  IH-338 


ISIS-Il  8880/8885  NfiCRO  flSSEMBLEP,  V3.  0  SUBS 

NRX 


LOC  iDBJ  LINE  SOUPCE  STftTENENT 


m , 

381  ; 

302  ,  ♦  • 

383  i  *  NRX  « 

384  ,  *  ♦ 

385  .• 

306  , 

307  : 

388  i  iHIS  SJeSOUTINE  COHPflRES  ft  THO-eVTE  M0H>  WITH  ft  ONE-eVTE  HOPC-  -my) 

389  ..  IF  THE  THO-eVTE  HOPO  IS  GREftTER  THfiN  THE  NflX  HOH)  -THEN  THE  MflX 

310  i  HORO  IS  (^TURNED  TO  THE  CflLLING  PKfiRflft  IF  THE  TUO>eVTE  WORD  IS  LESS 

311  ;  THflH  THE  MftX  HOPP  .THEN  THE  LO-eVTE  OF  THE  TH0-8VTE  HOPP  IS  PET1.RNED 

312  ;  TO  THE  CflLLING  PPOGRRH 

313  i 

314  ; 

315  i  INPUTS 

316  ;  ftCC  -  CONTAINS  THE  tlfiXIHUM  VALUE  <  ONE-eVTE  ) 

317;  (H,L)- CONTAINS  THE  TH0-8VTE  HORP  FOR  COtfflPISON 

318  ; 

319  iOUTPUT 

320  i  e  -  CONTAINS  THE  LESSOR  OF  TI€  NflXIMUN  VALUE  OR  THE  THO-BVTE  HOPD 

321  ; 

322  ; 


323 

324  NflX: 

325  . 

CSEG 

8878  47 

326 

327  , 

NOV 

8.  A 

;8  GETS  NAXINUN  VALUE 

8079  7C 

328 

NOV 

AH 

,ACC  GETS  HI-8VTE  C-VALUE 

e07R  FE88 

329 

CPI 

e0H 

; IF  HI-6VTE  IS  NOT  ZERO. 

e87C  C0 

338 

331  ; 

RNZ 

;RETURN  WITH  HRX  IN  B 

007D  70 

332 

NOV 

HL 

;  ACC  GETS  LOWE  C-VALUE 

087E  88 

333 

Of 

8 

>COfARE  WITH  NAXINUH 

007F  08 

334 

335  i 

RNC 

;RETURN  IF  L  IS  GREATER  THAN  NAXINUH 

0088  45 

336 

NOV 

8.L 

;ELSE  NOVE  L  TO  8 

0881  C9 

337 

338  ; 

339  ; 

RET 

;  RETURN  HITH  LESSOR  VALUE  IN  8 

348  ITITLE  ('STOREIO 

341  lEJECT 


\ 
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APPENDIX  B 
RHMC  HARDWARE 


An  Intel  SDK-85  development  board  Is  used  as  the  micro-controller  for  the 
RHMC  system  —  primarily  because  it  provides  a  ready-made  micro  system  at  a 
reasonable  cost.  The  microprocessor  is  an  Intel  S085A,  which  is  capable  of 
addressing  only  512  bytes  of  RAM,  2000  bytes  of  monitor  ROM  and  2000  bytes  of 
Erasable  Programmable  Read  Only  Memory  (EPROM).  The  8085A  is  in  communication 
with  an  in-house  designed  board  which  provides  two  digital  to  analog  converter 
(DAC)  channels  for  raster  shift,  EPROM  for  RHMC  program  storage,  address 
decoders,  and  vertical  sync  for  both  the  Polhemus  Head  Tracker  (PHT)  and  the 
microprocessor.  In  addition,  the  system  contains  the  Polhemus  head  tracker 
(PHT)  data  controller  which  allows  head  pointing  direction  (HPD)  data  transfer 
from  the  PHT  to  the  microprocessor,  and  a  separate  data  buffer  board  than 
enables  the  CIG  system  to  take  in  HPD  data  transparent  to  the  operation  of  the 
8085  microprocessor  system.  Figure  81  shows  a  block  diagram  of  the  RHMC  and 
interface  hardware. 

The  PHT  data  controller  (see  schematic  and  timing  diagram)  controls  the 
format  and  the  distribution  of  Head  Pointing  Direction  data  from  the  Polhemus 
Head  Tracker.  About  15.5  ms.  after  the  sync  signal  (vertical  sync)  is  sent  to 
the  PHT,  initiating  its  position  sampling  sequence,  the  PHT  indicates  that  the 
data  is  ready  by  sending,  appropriately,  a  "data  ready"  pulse  to  the  data 
controller.  The  PHT  orientation  and  positional,  data  is  then  ready  to  be 
clocked  out  of  the  serial  port.  A  "data  acknowledge"  signal  is  returned  to 
the  PHT  by  the  controller  and  a  500  kHz.  burst  consisting  of  17  clock  pulses 
is  also  sent  which  clocks  out  the  first  17-bit  word,  "yaw."  This  serial 
string  of  bits  is  clocked  into  dual,  10-bit,  serial  in,  parallel  out  shift 
registers.  At  the  end  of  the  17th  clock  pulse,  the  clock  is  inhibited,  and 
the  first  16  bits  of  the  17-bit  word  are  transferred  to  dual  8-bit  data 
buffers.  These  buffers,  when  full,  send  an  interrupt  (Rst.  6.5)  to  the  8085 
microprocessor.  The  micro,  meanwhile,  has  been  patiently  waiting  in  a  loop 
for  the  data.  Upon  receipt  of  the  Rst.  6.5  interrupt,  the  micro  addresses  the 
buffers  and  pulls  the  data  into  memory  for  future  processing.  The  micro 
writes  to  memory  location  (8xx2)  which  sends  a  "get  data"  pulse  ‘o  the  con¬ 
troller  and  the  micro  returns  to  the  loop  to  await  further  data.  Again,  the 
controller  sends  out  a  burst  of  17  pulses,  clocking  in  the  next  word, 
"pitch."  In  the  same  sequence  as  before,  the  8085  stores  this  next  word  and 
requests  the  roll  data.  At  the  end  of  this  sequence,  "data  acknowledge"  is 
cleared  and  the  8085  begins  the  computation  cycle  which  eventually  determines 
the  8-bit  values  sent  to  the  horizontal  and  vertical,  raster  shifting,  digital 
to  analog  converters  (HDAC  and  VDAC).  These  values  are  latched  into  the  OACs 
during  the  vertical  retrace  of  the  laser  video  projector.  Vertical  sync  (or 
retrace)  is  acknowledged  as  a  7.5  interrupt  by  the  microprocessor. 

Again  returning  to  the  system  block  diagram  in  Figure  Bl,  the  offset 
signals  from  the  HDAC  and  VDAC  are  routed  to  summing  circuits;  a  summer 
feeding  the  VCO  for  the  horizontal  shift,  and  a  summing  point  within  the 
scanner  controller  for  the  vertical  shift. 
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VIDEO 


Figure  81.  RHMC  and  Interface  Hardware. 
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The  horizontal  offset  signal  from  the  HDAC  is  summed  with  the  output  of 
the  ramp  generator.  The  voltage  shift  of  this  signal  frequency  shifts  the 
voltage  controlled  oscillator  which  outputs  a  frequency  chirp  centered  at 
375  mHz.  Spanning  some  200  mHz.,  the  frequency  chirp  can  be  shifted  up  or 
down  in  frequency  as  much  as  25  mHz.  After  suitable  amplification,  the 
Acousto  Optic  Beam  Deflector  (AOBD)  receives  the  shifted  chirp  and  shifts  the 
horizontal  line  scan  accordingly.  The  voltage  controlled  oscillator  (VCO)  is 
required  to  output  a  chirp,  or  frequency  sweep  at  a  horizontal  line  rate.  As 
previously  mentioned,  the  VCO  is  a  non-linear  device  when  operated  at  these 
line  rates  (15  to  30  kHz.).  Since  the  VCO  is  non-linear,  its  driving  signal 
must  be  carefully  selected  and  conditioned  to  achieve  a  linear  output,  i.e.,  a 
linear  frequency  chirp.  A  linear  frequency  chirp  applied  to  the  AOBD  results 
in  a  sharply  focused,  linear  horizontal  sweep.  The  task  of  providing  a  linear 
frequency  chirp  is  difficult  enough;  providing  a  signal  which  produces  a 
shiftable  linear  frequency  chirp  at  the  output  of  the  VCO  proved  to  be  impos¬ 
sible.  The  subsequent  non-linearity  produces  noticeable  display  distortion, 
reducing  both  the  resolution  and  linearity  of  the  display. 

A  minor  modification  of  the  scanning  controller,  which  drives  the  frame 
scanner,  allows  the  vertical  offset  signal  from  the  VDAC  to  shift  the  angle  at 
which  the  frame  scanner  begins  its  vertical  scan.  This  provides  the  required 
vertical  raster  shift. 

Both  the  CI6  and  RHMC  system  require  head  pointing  direction  (HPD)  data 
every  field  (16.7  ms.).  The  data  buffer  (see  schematic  and  timing  diagram) 
allows  the  CIG  to  take  in  HPD  data  relatively  independent  of  the  operation  of 
the  RHMC  system.  It  holds  the  pitch,  roll  and  yaw  data  until  the  CIG  sends  a 
request  for  data.  Basically,  the  data  buffer  counts  the  number  of  Rst.  6.5 
interrupts  emitted  by  the  PHT  data  controller  and  loads  one  of  three  16-bit 
buffers  on  each  rising  edge.  When  the  third  buffer  has  been  loaded  with  data 
from  the  PHT  data  controller  bus,  a  "data  ready"  is  sent  to  the  CIG  system 
indicating  that  a  complete  set  of  HPD  data  is  ready  to  be  transferred,  and  the 
first  data  word,  azimuth,  is  placed  on  the  16-bit  CIG/buffer  bus.  When  the 
CIG  system  accepts  the  data,  it  returns  a  "data  acknowledge,"  which  places  the 
next  data  word,  elevation,  on  the  bus.  This  action,  in  turn,  sends  another 
"data  ready"  to  the  CIG  system.  When  the  final  data  word,  roll,  is  received 
by  the  CIG,  and  a  "data  acknowledge"  is  returned,  the  three  buffers  are 
cleared.  The  data  buffer  is  then  ready  for  another  set  of  HPD  data. 
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PHT  (SHMS  III)  DATA  CONTROLLER 
TIMING  DIAGRAM 
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DATA  BUFFER  TSMING  DIAGRAM 


U28  PIN  6<RESET) 


U39PIN  13 
(DATA  ACK) 

U37PtN  10 

U41  PIN  IS 

U41  PIN  14 


U41  PIN  13 


U3a  PIN  8 
(AZ  +  EL  ROLL) 

U30  PIN  4 


U42  PIN  S 


U40PIN  10 
(AUTO  RESET) 

U39PIN  10 
(RESET) 


69 


HAVTRAEQUIPCEN  IH-338 


HORIZOMTAL  AND  VERTICAL  OFFSET  OAC’S 
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